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** Bat with regard to the material world, we can at least go m ikr •• 
this — we can perceive that events are brought about not by insnbited 
interpositions of Divine power, exerted in each particular case, but by the 
establishment of general laws." 

WiiEWELL: Drid^jeicater Trcatiat, 

*' The only distinct meaning of the word ' natural ' is gtated, fixed, or 
9ettkd; since what is natural as much requires and presupposes an intel- 
ligent agent to render it so, t. «., to effect it continually or at stated times, 
as what is supernatural or miraculous does to effect it for onct." 

Butler : Analogy of Itevealed Rilvfton. 

'* To conclude, therefore, let no man out cf a weak conceit of sobriety, 
or an ill-applied moderation, think or maintain, that a man can search too 
far or be too well studied in the book of God*s word, or in the book of 
God's works ; divinity or philosophy ; but rather let men endeavour an 
endless progress or proficience in both.' 
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AN mSTOEICAL SKETCH 



OF THL PKOGRESS OK OPINION OX THE ORWIN 



I wtix here a give a hricf skclch of the p-c^reM ol ojiinioa on tbe 
(Iri^in of SpwM*. Uutil recently the great lonjorily of nnturaliBls 
belieTcd thkl ipocics wcra immutnble productionis and hnd been 
•cpuKUly created. This view ha* bncn nbly nuuntained by many 
huIImeh. Somo few iifttuniliBtB, ou the olhcr band, have bolioved 
lluit iiieciea imdsi^go iDodiScatioa, and that the cxiating {arms of 
life are the descendants by true gcnemtioa of pre-ciistin^ forms, 
fasingovc-rnllniibna to tbeBubject inthc clnssicsl writers,* the flrst 
BUlhor who m modem tiniCB lias treated it in a scientific spirit was 
Uiiduu. But AS bis opiaions fluctiiatcd greatly at diflVrcnt perioiU, 
arjd M he does not enter on the causes or mcnns of the tiansfornia- 
tiun of apecios, I neol not bore enter on details. 

Lunarek was the first miui whose conclusions on the sabjcct 
EMttcil much BttcBlton. TljisjUKtly-odcbrated naturalist first jiiib- 
li»h<Hl bis Tiews in 1801; he much enlarged them in 1800 in liis 
' rhi1o«ophJe Zoologique,' and subsequently, in 1615, in the Jntri>- 
dnctjtin to hi» 'Uist. Knt- des Anitoaux Bans Vertfbrca.' In thuso 

• Arl>lot1(, In hli ' Phpics AnKolUtionei' (lib. 2, cip. 8, «. 5), all-r 
r-iuBiLiBB Hmt rein d«« not full in order lo milte (he corn grow, unj- 
Bwn tluB il GdJi to >poll th« farmer'e com when thinhid ant of duon, 
■n|il)w lb* tome argnmeat to orguinliDn ; aad wUi (u trouliiliiil by 
Hr.CblrGrvMiVhaliru pointed out [h«puu|^ tome), '-Savhitthindfii 
thi dU&nnt p«rl> [of Ihttiodj'] from haTiufthii merely accidentol nlntiou 
faoatnl*? u the l«th, for einmple, grow bj nscemity, th» (rent oni'> 
tharp, adipttd 6>t dirldlni, sad (ha griuden (lit, ud HrviEeabU Tor iaii.t- 
tisaUni tbe food; aiau wtj wtra not mads lor Iha nko of Ihli, but il 
WM Uit t«niU ofsecldent. And la lik« maDBsr as lo Iha other parts lu 
•hlnh thira app«r> to ul<t an ndnptstlon to an cn<l. Wbereioever, there- 
(srr, all thiagt IvEtther (Ihat u all the paiti of ona whole) bappannl likn 
w if th»7 »rr« msda for Uw aika of loniething, th»i» Ktn praerreil. 
baiinf liwo ajipnipriitalir cvnilituled \ij aa lulfmol •pontancltf ; aud 
vhaUoncr tbing) win not Ibna Mnititutad, pnished, and still poriih.~ 
W* bna $n tba prinelpla of nataral Mieciinn disdonred forth, but how 
Unl* JiriMollo fiilir eosi[ir«li*ad(d )ha principl*, ia •hnwa b« lilt mnarki 



mw jLTtMollo fiillF eosinr«h*a 
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works he uplioldii tbo doctrino that all Epccics, including mAn, are 
dcsccadcd from other Bpccira. He first did tbo emineot serrice of 
aromiog attention to the probability of all change in tbo organic, as 
well M in the inorgnnic world, bsing the reantt of law, and not cf 
luiraeulouB tDtcrpoution. Lamarck accma to bavo been chiefly led 
to his conctomoQ on tho gradual change of species, by the difficolly 
of distinguish ing spitcies and varieties, by the abnoBt perfect gradation 
of forma in certain groups, and by the analog of domestic produc- 
tions. With respect to the means of modiGeation, he attribiiicd 
something to the duDct action of the physical conditions of life, 
Bomtthing to tho crossing of already ciiBting forms, and much to ubo 
and disuse, that ia, to tbo effects of babiL To this latter agency h« 
seems to attribute all the beautiful adaptations in nature ; — such aa 
tbo long neck of tho giralTa for browang on tbo branches of trees. 
liut he likewise believed in a law of progressive development ; and 
as all the forms of life thns tend to pn^ress, in order to account for 
the existence at the present dayof simple productions, ho maintaina 
that such forms are now spontaneously generated.* 

Geoflroy Sunt ililaire, as is stated in his ' Life,' written by his 
SOD, suspected, as early aa 1795, that what we call species are 
various degenerations of tlie same type. It was not until 1828 
that ho published his conviction that tho same forms have not been 
jicrpctUAtod sbce tbo origin of all things. GcoHroy seems to bave 
rdied chiefly on the conditions of life, or the " moni^a amhiant " as 
the cause of change. He was cautious in drawing conclusions, and 
did not believe that existing species are now undergoing modiSca' 
tion : and, as hU son adds, " Cost done un prubleme k rfserver 
rntiiremeul k I'avcnir, snpi;nsd mGme que ravenir doiro avoir [iritie 



* I biTt UkfD the dale tf the lint pnbticntion of Lainirek rrom lild. 
II«iirri7 aaiot Uilaln'i (' U'ut. KnL Gdii^*,' lorn. ii. p. 40&, 1SJ9) ci«l- 
lint biilfTfofopiDiaDon thin lubjccL Id thli vark a rail nccoDDt li giTcn 
vt BoDbn't conclmioM oa lh» simc iiibjrcL It ii enrioni how largely my 
gnodfilhcr. Dr. E^asmiii Dirwfp, anliripnted the riewi and fmu»ni 
prtpiindi ef opinioa of Lsmirck id hi» • Zoonomis ' (vol. i. pp, iOO-SIO), 
Miblith«d In 1794. Aeoordiof to liid. Gfoffraj there ii no donbl Unit 
•ieetba was an eitrame paitiun of flmilar vlcira, u ihown in th« Iiitn>- 
diielioa to a work wrlttea id 1794 anil i:95, but not pnbUihsi] till l«i>; 
■fUrwardi : ha haa painledly mnarked (' Ooelba al) NatorTDiKber,' von 
br. Kwl UsdlBg,!. 34) that Iha futon oaeaticiD for DilnnlisU will ba how, 
for lutaim, cattle got iheii bonu, uid Dot far what they an lutd. It 1> 
tatbar a dsgnlar ioitanc* of th* maliDer in which iltnilar viaw* arue ni 
abaal lbs bid* tine, that Gootha ia Garmanj, Dr. Darwin it 



I 



■n<1 OaoSro] 



It Uilaira (u va shalt Immadiitelj >«) id FraDn, c 
ID the orijln of j-jwdw, In the jwn 1J94-5. 
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In 1813, Dr. W. C. Wells rfad Iwrore ihc Itoyul Socioly ' An 
Acootmt of a White Female, part of whoso skin rceemliles that of 
a Nrgro * \ bat his paper ithb nut pnblislied until hia famoua ■ Tvra 
E»«yi upon Dew and Single Vision' appfarcd in 1813. In this 
[laper he dietinclly recogoUca the principle of natural iielectjcoi, and 
this is Iho first recognition n-hicli has been indicated; but he applies 
it only to the races of raun, and to ccrtaiu characters alone Alter 
rcmorkiog tliat negroes and mulattocs enjoy an immunily from 
ccrtaJn tropical diseases, ho obsecvea.firstlyi tb.it all animals tend to 
vary in eumc degcee, and, secondly, thnt ngriculturiats improve Ilieir 
<lonicsticstcd animals by seleciiun ; and then, he adds, but what is 
done in tMs iallcr cose " by art, seems to be done with equal eOicacy, 
Ibough moro slowly, by nature, in the formation of vitricties of 
nianbiad, filled for the country which they inhabit. Of the acci- 
dental Tarictica of roan, which would occur among the first lew and 
icattorcd inhabitants of the middle regions of Africa, some one 
would be better fitted than the others to bear the diseoiics of the 
cnDnlry. This raco would consequently multiply, while the others 
would decrease ; not only from their inability to sustain the attacks 
oC disease, but from their incapacity of contending with their more 
rigorous neiglilxiura. llio colour of this vigorous race I tike for 
Knut'xli from what has been already snid, would be dark. But the 
unw disposition to form varieties still existing, a darker and a 
darker raco wouU in the course of lima occur : and as the darkest 
would bo tbo best fitted for the climate, this would at length 
booxno tha meat prornh'nt, if not the only race, in the particular 
country in which it hod originat«il." He then extends thcee some 
view* lo the while inhabitants of colder climalesL I am indebted 
111 Ur. Kowley, of the United States, for having callcl my attuii- 
linn, titrough Mr. Brace, to the abcvo passage in Dr. Well's worlc. 

Tbo Hon. and lEcr. W. Herbert, afterwards Dean of Manchester, 
it) Iho Cmrth volume of the * Uorticnltnral Transactions,* 1822, aud 
ia hi* work on the ' Anioryllidarea) ' (1837, p. 19. 339), declares Ihiit 
" burllctdttUBl experiments liavs establishod, beyond Ilie possibility 
of n'fulation, thai botanical spocios are only a higher and more per- 
manent clan of varieties." lie eitcnds the same view to animaln. 
'I'he Dean believes that ainglo spcaiea of each genus were created 
Id «i originally ]iighty plastic condition, aud Ihnt thoio hove 
jwoiliiced, chieDy by intercrossing, but likewise by vaciation, nil 
oar «si«tiDg tpecics. 

la 1S20 FrofEMor Grant, in the conelnding pnnt^jih in liiK 
■nil) luwim r«per (' Edinburgh I'hilosophical Journal,' voL xir. 
p. S83} on tlio KpongilU, clearly doclnrcti his belief ihnt species st« 
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descended from othor species, wtd thnl they become improved in 
tbo course of moitificatioa. 'Iliis some view mis gircn in his 55Ih 
Lecture, published in ibe ' Lancet * in 1634. 

In 1831 Mr. Pnlricfc Matthew published his work on 'Naval 
'J'imber nnd Arboriculture,' in which ho gives preciwly tlis same 
viow on the origin or spccios a^ that (prosentiy to bo alluded to) 
Iiropoonded by Mr. Wallace and mviclf in the 'Linnoan JoumBl," 
and as that enlaced iu the pn^scot valnmc. Unibrtunntely tlio 
view was given by Mr. Matthew very briefly in scattered pasangea 
in aa Appendix to a work on n different subject, so that itrvmainod 
iinBuliced nnlil Mr. Matthew himself drew attention to it in llio 
' Gardeners' Chronicle,* on April Tth, 18(!0. The dilfercncea of Mr. 
Matthew's view from mine arc not of much importance : ho seonia 
to consider that the world wan nearly depopulated at succesaivo 
]>criods, and then re-stoclicd; and bo gives as an alternative, that 
new fcnna may be generated " without the preseuco of any mould 
or germ of former aggregates." I am not sure that I understand 
mmc passages ; but it seems thnt he attnbates much tnlluence to 
the direct action of the conditions of life. He clearly saw, how- 
ever, the full force of tbo principle of natural Folection, 

The celebmted geologist and natnmlist. Von llnoh, in bis ex* 
ccllent * Dc«criptioa Physique des Isles Cannriea ' (1836, p. HT), 
clearly expresses bis belief that varieties slowly become changed 
into permanent specius, which are no longer capable of inlur- 
creasing. 

Ita6aeai|ne, in hU'Now Flora of North America,' pulilisfaod in 
1836, wrolo (p. C) as follows: — "AH species might have been 
varieties once, and many varieties ore gnwlualiy becoming specii's 
hy assuming constant and peculiar characters ; " hut farther on 
(p. 18) ho adds, "except lh|) original types or anceclors of the 

In 1S43-** Profeaaor Haldeman (' Boston Joomal of Nat. Hist. 
, U, states,' vol iv. p. 4GS) boa ably given tiio arguments br and I 
iigaiost the hypothesis of the development snd modification of 
species : he seems to lean towards the side of change. 

The 'VesUges of Creation' appeared in 1814. In the tenth i 
and mnch improved edition (1853) the anonymous author sayi 
(p. 156): — Tbo proposition determined on after much considera- 
tion is, that the several series of animated beings, from the simplest i 
and oldest lip to the highest and most recent, arc, under (he ptovi- 
dcuoo of Ood, the rosulls, firtt, of an impulse which has been 
imparled to the forms of lire, advancing tboin, in definite timet, br J 
g«ncrstion, through grades of grgnniaalion Icrminalins in tM | 



Historical Sketch. 



XVII 



! kighcat dicotylcUuDn aiul Tcrtelirnla, lliesa grades being fetr in 

I number, and generally marked by inttrvaU of organic chnmcler, 

«lilch wo find to bo a practical difficulty in ascertnining offiniiicB ; 

«seoitd, of another impulse conaected with the vilal forces, tending 

IQ the course of generations, to moJify organic stmclarcs in accor 

[ danco vith eslcnial circumstances, na food, tlie nature of tiie 

halntat, and tlie meteoric ngencies, theso being the 'nrinptations' 

of the natural theologian." The author appartntly believes thnt 

organiMtion progresses by sudden leaps, biit thnt the eSecIs 

]irodiio«d by the conditions of life are gradual. Ho argues with 

much farce on. general grounds that species are not immutable 

productioiu. But I cannot see how tiie two supposed "impulses" 

account in a scientific Muse fur Iha numerous and beautiful co- 

■dapIalioBS which we seo throughout nature ; I cannot see tliat no 

Uiua gain any iuw'glit how, for inatnnce, a woodpecker haa become 

I adapted to its peculiar habita of life. The work, from iln powerful 

I and brillUnt aiyle, though displaying in the eorltor editions Utile 

I accurate knowledge and n great want of scientific caution, imm>'- 

I distcly bud a very wide circulation. In my opinion it bos done 

I aoellcnt service in ibis country In calling attention to the sub- 

J krt, in Totnoving prejudice, and in thus preparing the ground 

[ tac the mxplion of analt^ne tIswb. 

In 164G the vclcnn guoiogtit U. J. d'Omalius d'lfnTloy pub- 

liahrdinau excellent though short paper ('Bullciinade I'Acnd. Itoy. 

UraxellM, torn. liii. p. 581), bis opinion thnt it is more probable 

s have been produced by descent with modiUcation 

I that Ibey have been sepnrntely created : the author lirEt 

' dthi«oi<inioninI83I. 

I'nifcMor Owen, in 1819 ('Katnro of Limbs.' p. 8C), wrote na 

n:^" Hie archetypal idea waa mnnif<«led in the flesh under 

~i moiUGcstions, upon Ibia jilnnct, long prior to the 

r thoM animal «peclct Uiat actually exemplify it. I'o 

il laws or secondary eausce llii orderly auccessioa and 

ft of irach nrgnnic phenomena mny have been oommittod, 

layct, arc ignornDt-' In his Address to tba tlriliah Asaociation, 

I in 1858. he spwika ([•. li.) of "the axiom of the contlnuoutt 

i t'penitioi) of creative power, or of the ordained becoming of living 

roftliiif on (p. jc), after referring to geogrupbical dislri- 

' tntion, ha adils,"Thesa phenomena shake our confldcnco in Iho 

I ceBcliiiton that tbn Aplrtyi of Kcw Zcnlnnd and the I!cd Grouse 

L of Eogta&cl wcro distinct creations in and for lliose iklnnils respcc- 

\ linly. Always, also, it may be well to bear in mind that by the 

tho Eoo'o-ist means 'a process lie knows not 
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wbnL' " Ho aiRplifii.'s tliis iilesi by adding, tLat n'hcn Buuh cnwj 
u that of die linl Giouso ore " enumerated by the Eoologist bs 
evidence of distinct creation of tlie bird in and for aucb islnnds, he 
chicfiy cipresKs that he knawa not hon the Bed Grouse came to 
bo ihero, and there eiclusivoly; tignifying also, by this mode ot 
expressing such ignorance, his belief that both the blnl and th** 
islands owed thoir origin to a great Gnt Creative Cause.'* If no 
interpret tbeia Mntcnces given in the lame Address, one by Ihe 
other, it appears that this eminent philosopher felt in 18S8 bis con- 
liileiica shaken that the Apberyx aad the Ked Qrouse first appeared 
in their respective homes, " ha knew not how," or by Eomo proccH 
"lie knew not wbsi." 

Thii Address was delivered after the paj>er9, by Mr. Wallace and 
myself on tlio Origin of Si)ecies, presently to bo referred to, bad bcca 
read before the Linnoan Society, When the first edition of Ibis 
work 1TSS published, I was so completely deceived, as were many 
others, by such expressions as " the continnons operation of creative 
power," that 1 included I'rofeisor Owen with other paLcoiitolDgiKti 
as being firmly convinced of the immutability of species; bnt it 
appears (' AnsL of Vertebratus,' vol- iii. p. 796) that this was un 
my part a preposterous error. In the last edition of this work 1 
Inferred, and Ihe inference atiil ueems to mo perfectly just, from u 
passage beginning willi tho words " no doubt the type-form," ice 
(Ibid. voL L p. XXXV.), that Professor Owen admitted that natural 
Kicction tDRy have done soraething in the formation of new 
speoies; but this it nppears (Ibid. vol. iii, p. 708) is inoccnrale and 
without evidence. 1 also gave some eitracia from a correspondcneo 
between Professor Owen and the Editor of the ' London Kcvicw, 
from which it appeared manifest to the Editor as well as to myself^ 
that Proreasor Owen claimed to have promulgated the theory of 
natural selection before I had done so ; and I expressed my surpriga 
and aalialikctioD at this annotmcement ; bat as &r ax it is possibla 
to understand certain recently published passages (Ibid. vol. iii. 
p. TOti), I have either partially or whi^ly again fallen into error. 
1 1 is consolatory to me that others find Professor Owen's controver' 
sial writings as difficult to understand and to reconcile with each 
ulhcT, as I do. As for as the mere enunciation of the principle of 
natural selection is concerned, it is quite immaterial whether or 
not Professor Uwcn preceded me, for both of us, as shown in thie 
liisTorical sketch, uero lung ago prcccdrd by Dr. Wells aud Mr. 
Uutihcwi. 

M. Isidore Gcoffroy Bnict Hilnire, in his Lectures delivered in 
1800 (ofwhicU u r>&>nmj appi-aMd lu tho 'Itovue ct Mag. d> 
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Zoolog.,' Jwi, 1851), briefly gi»ca his rrawn for Iwlioving tint 
•peoiiic characters " sont fiifa, pour chftqiic esp^ce, taot qn'elle so 
)«q)£tue an milieu dcs nieines circoiuUDCOS : ils %a inodiflcml, si 
tea circonstanccs ambLiDtcs vieiineiit h chnn^r" " En nSsiim^, 
TiiAfeniad'on deg aoiisaux MQvngci d&uontn: d^jh In vftriabilite 
limilet dcA eEpbiics. Lcs n^periencti siir les anicn&ux eauvagea 
derenoa domestiqoes, et tut les ajiiicaux domGitiqucii redsrenna 
■luTagn, la d^montient plus cintremcnt encore, Cee mtmes expi- 
lieDOM pToaveot, do plu-t, que lea difference* produites penvcnt SLrc 
de valmr geaeTique." In his 'llisi, Nat, Oiairaie' (torn. ii. \\ 
430, 1850) ho amplifiea nnulogoua conclusions. 

From A circnUr lately issued it appoara Ihat Dr. Freko, in 18G1 
(' Dnblin Medical Prera,' p. 322), propounded the doctrine that all 
orgsnio bcingi bare descended from one primordial form. Hi> 
givQuds of belief and tnatmcnt of the subject are wholly dilTcrent 
from mine ; but as Dr. Frekc bu now (1861) pnhlished bis Essay 
on ' the OiigLn of Species by means of Organic Affinity.' the diai- 
cuit atleupt to give any idea of bis views would be superltuoiis 

Ur. Uisbcrt Spencer, in an Eesay (originally publlabed in Iho 
* Leader,' Hnrch 1852, and republished in bis 'Essays 'in IS^S), 
liaa ctiDtraatod the IbMmca of the Crention and tbo Deveiopmeut 
of cvguio beings with, remarkabla skill and force. Ue argues 
from ihe Bualogy of domestic productions, bom the changes which 
the nahryoa of many speciei undergo, from the difficulty of dis- 
bnguiabing species and variclice, and from the principle of general 
l^nMlntLOD, that species have been modified; and he attributes tho 
modification to the chango of circumstanccsL llie author (1855) 
liM also treated I'syobolt^y on the principle of the necessary 
•oquiienenl of each mental power and capacity by gradation. 

la 1863 M. Kaudin, a distingnishcd batauist, expressly stated. 
In an admitablo paper on the Origin of Species (' Rerue Horticole,' 
]■. 103; sinM parliy republished in the 'Nouvctlcs Arcliives dii 
HuJmn,* torn. i. p. ITI), his bcUcr that species are (brmcd in 
Ml analogous manner as varieties are under culiivation ; and the 
latter pToccu lie attributes to man's povcr of selection. But ha 
iam not ahow bow selection acts under nature. He bclieTea, like 
Ilran Ucibcrt, tbit species, when nascent, were more plastic than at 
jirvaent. Ue Isys weight on what bs calls tho principle of finality, 
>* pulmance myst^rieuse, ind^tenmn^ ; faialit^ imur l>:s ens ; pour 
les anlNS, volontj proTldcnliellc, dout roctioii inocssante sur Ua 
Clres T^tmnts determine, k loutes les (poques de I'cxistQiioe du 
in'jnil^, la fonne. Is Tolume, ct la diir^u de chucun d'eux, vti rolaoD 
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^1 XX J{ulorical Shirkh. ^^| 


H* de ra .1cstiD<<o dans I'onlre de chouB dont il fait pertic Cost cetto ^^| 

^M [luiasanco qui harmoniBa chsque mcnibro il I'cnsemble en I'appro- ^^H 
^^ priaot % tn fonction qu'il iloit rempUr diuis Vorganisnio g^a^ial da ^^H 
^^L U nature, foDction qni eat poor lui g.i ralson d'Slro." * ^^H 
^H In 1853 n cclebmUd geologist. Count K.^aorling ('Bulletm ds ^H 

^^1 lUsduca, supposed to liavo kcon ciuBed by some miasms, bare ^^^| 
^^H nrisen und spread over tbe world, so st certain perioiU llio germs ^^^ 
^^1 of existiag ipecics may have bccu cbemicnlly afli-clod by circum- 
^^1 ambient molectilcit of a pitllculsr nature, and thus bwe ^von 

^H In Ihia anme jenr, 1853. Dr. Schnairl.auscn piibliaLed au ci- 
^H rcllciit pomphlct (* Verliacd. dw NaturhiKt. Vcreioa dor Ptcosa. 

^^B meat of organic forms on the earth. Ho infura that many specie! 
^^1 hnvu kept true for long periods, whereas a few bare become modi- 
^H fictl. Ihe dislinctioo of species bo cipkins by the destruction 

^H A well-liiiowii Flench botanist, U. Lccoq, writes in 1854 
^H (■ Eludes sur Gfograph. Bot.,' torn. L p. 230), " On voit que no. 

^^1 (icoETroy Baint-Uilftire et GoeCho." Some other passnges scattered ^^H 
^H through M. Lecoq's large work, mako it a little doublfnl how far lis ^^1 

^^1 The ' Philosophy of Creation ' has been treated in a masterly ' 
^H Rwioer by the Itoi. Baden Powell, in his ' Essays on ibo Ui>ity of 
^H Worlds,' 1855. Nothing can be more striking than the manner in 
^^H which ho shows that the inttoditction of new spccicu is " a regular. 


^H • Fram wfermiM in Bronii'f * Uol»r.nchnng*n iJb.r di« EniiriL-kilung^ 

^H fleMtit,* it spptsn Ihgt tbe colcbnlcd botiaiit and fol*onlolOKi»t Uus^r 1 

^H mtJMi. D'AltoD, llkewiK, In Psodir »il Ddton's work on Fouil S1olh% ^^H 
^H uprewd, in 18^1, * ibniUr bditC SimiluTiiwi hsTB, m is well kaowB. ^^H 

^H RfirucM in flojron'i work 'Snr |-E>)>t«.' it *e«ni> that Dory SL VincRal,.^^H 
^H Ilurdnch, Point, and Fiiu, hsro lU ndouttKl tliat new >p«ci(b( art matiaU'^^H 
^^^1 sllr being prcdanJ. ^^^^H 
^^H 1 nuf ihU, that of tht Ihlrlr-faui imtbon named in thii Riitorfdl,^^^! 

^^H nparatc »U Drcnntiaa, tireDlT4cnn bate wiillu on apMiil bniDcha "f ^^^H 
^^H Mltual hlstDiy or geology. ^^^H 
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not a casual pbcnomcnon," or, as Sir John Ilcrscbel expresses it, 
^a Datuial in contradistinction to a miraculous process.** 

The third volume of the ' Journal of the Linnean Society ' con- 
tains papers, read July 1st, 1858, by Mr. Wallace and myself^ in 
which, as stated in the introductory remarks to this volume, tbo 
theory of Natural Selection is promulgated by Mr. Wallace with 
admirable force and deamess. 

Yon Baer, towards whom all zoologists feel so profound a respect, 
expressed about the year 1859 (see l^C^ Budolph Wagner, ' Zoolo* 
gisch-Anthropologische Untersuchimgen,' 1861, s.51) his convic- 
tion, chiefly grounded on the laws of geographical distribution, 
that forms now perfectly distinct have descended from a single 
paront-form. 

In June, 1859, Professor .Huxley gave a lecture before the Royal 
Institution on the ' Persistent Types of Animal life.* Referring to 
such cases, he remarks, " It is difficult to comprehend the meaning 
of such facts as these, if we suppose that each species of animal 
and plant, or each great type of organisation, was formed and 
placed upon the surface of the globe at long intervals by a distinct 
act of creative power; and it is well to recollect that such an 
assumption is as unsupported by tradition or revelation as it is 
opposed to the general analogy of nature. ]f, on the other hand, 
we view * Persistent Types ' in relation to that hypothesis which 
supposes the s|jecies living at any time to be the result of the 
gradual modification of pre-existing species — a hypothesis which, 
though unproven, aud sadly damaged by some of its supporters, 
is yet the only one to which physiology lends any countenance ; 
their existence would seem to show that the amount of modificiition 
which living beings have undergone during geological time is but 
very small in relation to the whole series of changes which they 
have suffered.** 

In December, 1859, Dr. Hooker published his * Introduction to 
the Australian Flora.' In the first part of this great work he admits 
the truth of the descent and modification of species, and supports 
this doctrine by many original observations. 

The first edition of this work was published on November 24th, 
1859, and the second edition on January 7th, 18G0. 
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INTRODUCTION. 

WuKK on Ixsrd H.M.S. ' Beagle,' ns Datnraliat, I tins iuqcIi Etniuk 
wiib certiuD focU in the dlRtribution of tlie or;;anic beings inlinliil- 
iug Soolh America, dad in (be geological reLitiooa of the present to 
Ib(! put ioluibitanlB of tliat coatinciit. These locts, tw will bo scun 
in the ktter chapters of tliia vulutno, warned to throw some Itglit 
on the origin of species — Ihat mystery of mysteries, as it Las l«en 
called by one of oar greatest pbUo90[ihcr3. On my retnm bomit, it 
occurreil to me, in 1S3T, that eomethins might pcihaps bo mode out 
on tliii question by [atiently accumitktbg and reSectiog on all 

I sorts of facts which coald possibly iiave any bearing on it, Af^er 
yeara' work 1 allowed myself to epoculata on ibo subject, ninl 

I draw up soma abort notes ; these I enlarged in 1844 into a sketch 
of the conclusions, which then scorned lo me probable : Ironi thni 
(vriod to tito preacnt day I have steadily pursued the same object. 
] hope lliat I may be excused for entering on tliese personal dctnil% 
a* I give them to shoi* that 1 have not been bosty in coming to n 
docisloii. 

My work ia now (1850) nearly Gnished; but as it will take mo 

I many mora yean to complete it, nnd as my health is far from 
atroag, I bavo been nrged to publish Ibis AbstrocL I have more 

J (VfMaally been induced to do this, as Mr. Wallace, who is now 
»iujying th9 natural history of the Malay arcbipeh^, has a 
at atmoat exactly the aanio general conclusions that 1 haTo on the 
■irigin of species. In 1858 he sent me a memoir on this subject, 
with a miueat that I would forlrard it to Sir Charles Lycll, who 
•pi U to tho Linncan Society, and it is published in the third 
TduBio of the Journal of that Society. SirCLyell and Dr. Hooker, 
who both knew of my work — the latter having rend my skotob of 
1844 — honoured mo by thinking it ailviKible to publish, with Mr. 
Wallace's oxcollunt memoir, some brief extracts from, my manu- 

'« Abslmrt, which I now publish, must nccossarily Im iiii- 
i caiuiot licro give rcrctcucca and aulhuritics for my 



Kvcml EtntenipQlB ; and I most tmit to tlio rcmlci reposing g( 
confidcnca in my ttccunicj. No doubt crrois trill bavo crcjit in, 
thoi^h I hope I havo oIwotb beta cnutiouB in trusting to gocfl 
nuthoriticB alone. I con here give ooly the general conclusioas at 
wliich 1 have arrivn], with a few bcU in illuBtratiun, but which, 
I hope, in most aitea nili eiilEco. Na one tan rc«1 mora wciEible 
than I do of tho necessity of bcreaftcr publishiDg in dctnil nil Uie 
fsclE, vriih iGlbrcnccs, on which my conclusions hnvu been grouudol ; 
and I hoi« in a futuro work to do this. For I am woU nwnre that 
GCiircely a. un^lo point is discnssed in this voliuue on which facta 
cannot l)o adduced, often apparently leading to conclusions directly 
opposite to those at which I have orrived. A fair result can bo 
obtained only by fully staling and bolanciag the facts and ar^i- 
ments on bolh sides of each question; and this is hero impossible. 

1 much regret that wont of spoco prevents my having the salis- 
factioD of acknowledging the generous assistance which I have 
rewivnl froui very many naturalists, sorao of them personally nn^ 
k'lowa to no. I cannot, however, let this opportunity pass without 
exptessing my deep obligations to Dr. Iloofaor, who, for the Inst 
fincon years, has aided me in every possible iray by his large stores 
of knowledge and his eicellcnt judgment 

In considering the Origin of Species, it is qnlto conceivable thnt 
a naturalist, reflecting on the mutual affinitiea of organic beings, 
on their cmbryological rcblions, their gcc^^pbical distribution, 
geological succetition, and other snch facts, might coma to the eon- 
utudon thai apecics had not been independently created, hut hod 
descended, like vaiieties, from other specica. Is'everthcleai^ aoch a 
conclusion, even if well founded, would be nnsatisGiclory, nnlil it 
could be ahon-n how the innumerable species inhabiting this world 
have been modiScd, so as to acqoire that perfection of stnictnn) 
and coadaptation which justly excites onr admiratioa. Nnturalisla 
eoutinnaily refer to external conditions, snch as climate, food, Arc., 
ns the only possible cause of variation. In one limited icitsc, as 
wo shall hereafter sec, this may be true; but it is jirepostoron* to 
iillribute to mere external conditioDs, the structure, for instance, of 
iho woodpoclLcr, with its feet, tail, beak, and tongue, so admirably 
adapted to catch insects nudcr the bark of trees. In the case of tbc 
luistletoo, which draws its courisliment from certain trees, which 
has seeds that must be transported by certain birds, and which has 
flowen with separate sexes absolutely requiring the agency of 
certain insects to bring pollen from ooe flower to the other, it is 
equally preposterous to accouut for Ibe structure of Ibis pi 
with its rcLttiona to several distinct 



; beings, by iho dfocU 
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tit extenuU coodilions, or of baUt, or of llie vi>lilion of (ho plant 
itiwlf. 

It \3, therefore, of ibe highest importance to gain a clear iniigbt 
liitu Ihe mcoiu of modificatioD aod coodaptation. At the coajmcace- 
mcct of mj obwTTatioQfl it Keemed to mo probable that a cotcrul 
atuilj' of domesticated animate and of cultivated plants would ofTrr 
iLo best chancs of making out tbia obscure problem. Nor hare 
1 bcon djiappomted ; in this and in all olber peqilezing ca^ea I 
hare invariably found that our knowledge, imperfect though it be, of 
Tarialion under domeitication, afforded the best and aafett clue. I 
may vcatore to cxiiress my conviction of the high value of audi 
■tudio*, aliliotigh they havo been very commonly neglected by 
uaCnraliala. 

From ibese ooniiderationa, I ahall devote Ihe Grst chapter of this 
Abstract to Vaiiatioa under Domestication. We shall thus see that 
a large amoimt of hereditary modification le at least possible ; and, 
what ia eqnally or more iinporlanl, wa ahali see how great ia tho 
pDVer of mail in accumulating by bis Selection succcebIvo slight 
variationa. I wilt then pass on to the variability of apeciei in a 
•tal« of nature; but I aball, unfortanately, be compelled to treat 
this snlject far too brieHy, as it can be treated properly only by 
pTing long catolognoa of (acts. We shall, however, be enabled to 
ditcnsa what ciicumstancca are moat favourable to variation. In 
the D«It chapter tbo Struggle for Existence amongst all organic 
beluga tbran^iont the world, which Inevitably foliona fn:)m the 
high ^eomatriod tstio of their increase, will be considered. This ia 
lb« doetriue of Holthns, applied to the whole animal and vegetable 
kingdoms. Aa miny more individuals of each species are bom tban 
can possibly aorvirci and as, consequently, there is a frequently 
Incurring straggle for existence, it follows that any being, if it vary 
however ilighily in any manner profitable to itself, under the com- 
plex and SMnetimes varying conditions of life, will have a better 
chanco of amriving, and thus bo naturaSy idicttd. From the 
■trtiim ]iriDcipIe of inheritanoe, any aelectiid variety will tend to 
pni[ttgBta its new and modiSed form. 

This fnodiunenlal subject of Natural Selection will be treated at 

B length in tbe fourth chapter ; and we shall then sea bow 

Natotal Selection almost inevitably causes much Extinction of the 

■ ini|«o*od forma of life, and leads to what I have called Diver- 

I lene* of Character. In the next chapter I iboll discuss the complex 

I and Kule known bws of variatioa In the five succeeding oha[)ters, 

itM mcM appwOBt and graTcit dlfliculiiea in accepting the tlieory 

Btll Wglr«n: namely, firoi, tlie <li<1icnliie< of tnn&iiionx, orbowt 
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rimpio b«Dg or a riiniilo or^n can bo tlinngod uid fcrfccted into 
n liiglilf devdupoii being or into an eLibomtcljr constnictod organ ; 
sroondly, tbo Hubject of Instinct, or Ilie mental powcra of animaU; 
thirdly. Hybridism, or Ibo infertility of spccici and tho ferlilily of 
vnrivtica wboD intercrossed j and fourthly, the imperfection of tliA 
Goolosical Boeord. In tLo nest cbspter 1 ahall conaidcr Ibo gco- 
logicnl BucceidoD of organic beings throughout tiino ; in tho twclflh 
and lliirtMDtb, their geographical distribution throughout space ; in 
iliu fiinrteentb, tbcir cUssiGcaiion or mutual affiuitieB, both wLcn 
mature and ia an embryonic condition. In the Inst chapter I Ghall 
^vo a. brief rocapilulatiou of the whole work, and n few concluding 

Ko one ou^bt to fool sorpriso at much rotnainin" as yet iin- | 
cxphiinod in Record to tho origin of Epocics and varieties, if he innka 
doc allowance for our profound ignorance iu regard to the mutual 
rubtioas of tho many bdngs which live around uo. Who can ci- 
pliiin why one epccies rouges widely and ia very nnmcrous, and 
ivliy another* allied species has a narrow range and is rare? Yet 
these relations are of tbe highest importance, lor they determine the 
prcEcnt welfare, and, oh I believe, the future success and modiGcaliou 
of every inbabitant of this world. Still leas do we know of the 
tuutuat relations of the iunmnctahlc inhabitants of the world durini; 
the many past geological epochs in its liistory. Although much 
rt-mains obfictu^ and will long remain obscure, 1 can cntcrtaia no 
doubt, after the most deliberate study and dispassionati: judgment 
of which I am capable, that the view which most naturalists until 
recently ootcrtained, and which 1 formerly cntertaiiked — namely, 
tlut each species has been iudcpendently created — ia erroDuous, 
1 am fnlly convinced that species arc not immulahle; but (bat 
those belonging to what are called tlie same genera ore lineal 
descendants of some other and ^ncrally extinct species, in tho 
Kiime manner as the acknowledged varieties of any one species are 
I lie descendants of that species Furthermore, I am convinced 
tliat Natural Bekction has been tVe mas', importaut, but not tlk^ 
eiclusivo, moans cf modification. 
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CHAPTER I. 

Yaiuation ukdee Domestication. 

C&UMf of VarUbilit J — EfTects of Habit and the use or dUnse of Parts-— 
Correlated Variation — Inheritance — Character of Domestic Varieties 
— DifBculty of distinguishing between Varieties and Species — Origin 
of Domestic Varieties from one or more Species — Domestic Pigeons, 
their Difierenoet and Origin — Principles of Selection, anciently- fol* 
lowed, their Effects — Methodical and Unconscious Selection — \lvi' 
known Origin of our Domestic Productions — Circumstances favour- 
able to Man's power of Selection. 

Camn of VariabiLity, 

Wmcr we compare the individuals of the same variety or sub- 
variety of our older cultivated plants and animals, one of the first 
points which strikes us is, that they generally diflcr more from 
each other than do the individuals of any one species or variety in 
a state of nature. And if we reflect on the vast diversity of the 
plants and ar^imala ivhich have been cultivated, and which have 
varied during all ages under the most different climates and treat- 
ment, we are driven to conclude that this great variability is due 
to our domestic productions having been raised under conditions of 
life not so uniform as, and somewhat different from, those to which 
the parent-species had been exposed under nature. There is, also, 
some probabiiitj in the view propounded by Andrew Knight, that 
this variability may be partly connected with excess of food. It 
seems clear that organic beings must be exposed during several 
generations to new conditions to cause any great amount of varia- 
tion ; and that, when the organisation has once begun to vary, it 
generally continues varying for many generations. No case is on 
record of a variable organism ceasing to vary under cultivation. 
Our oldest cultivated plants, such as wheat, still yield new varie- 
ties: our oldest domesticated animals are still capable of rapid 
improvement or modification. 

As for as I am able to judge, after long attending to the subject, 
the oonditionfe of life appear to act in two ways,~directly on the 
whole organisation or on certain parts alone, and indirectly by 
affecting the reproductive system. With rcFpcct to the direct 
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actian, we must bear in tnmd that in every case, as Profcisor 
Weismann has lately insisted, and as I hme ioRidcntaJly ehowD iu 
my work t.n 'Variation undor Domestication,' there am two 
foctors : namely, the iiatore of the organism, nnd tbe onluro of tlio 
condition*. I'Le former seems to be mnch the more importmit ; 
for nearly similar variations sometime* arise imdcr, as far as ue 
can jodge, dissimilar conditions ; and, on the other hand, dissimilnr 
variations arise nnder conditions which appear to be nearly oniform. 
The effects on the ofiipring are either definite or indoGnite. 'Ilicy 
nuiy be considered ta deSnite when all <x nearly all the offspring of 
Individuals exiiosod to certain conditions during soveml gicncrations 
arc modiSed in the same ronnncr. It Is ettrcmely difficult to couiu 
to any conclusion in regard to the extent of the changes which have 
b(>en thus deGnilety induced. There can, however, be little doubt 
about many slight changes, — such as size from the amount of food, 
colour from the nature of the food, thickness of the skin and hair 
from climal«, Ac. Each of the endless variallons which we see in 
the plumage of our fowls must have bod some efficient cause ; and 
If tbe same cause wore to act uniformly during a long scries of 
fienaaliuoB on many individnals, all probably woold be modified iu 
the ume manner. Such facts as the eomplex and extraordinary 
out-growths which invariably follow from the insertion of a minute 
drop of poison by a gntt'prudacing insect, show ns what atngular 
modifications might nsult in the case of plants from a cbemiuil 
change in the nature of the sap. 

Indefinite variability is a much more common result of changed 
conditions than dclialte variability, and has probably played a more 
important port in the formation of our domestic races. We see 
Indefiuite Toriablllty in the endless slight peculiarities which dis- 
tinguish the individuals of the same species, and which cannot bo 
accounted for by inheritance from either parent or from some more 
remote ancestor. Even strongly-marked differences occasionally 
appear In the young of the some litter, and in seedling from the 
Mtme ■oed'Capeule. At long intervals of time, out of millions of 
itsdiTidoflls reared in the same country and fed on nearly the same 
fuod. deviations of structure so strongly pronounced as to deserve 
to be called nonstrosilivs arise ; but monstrosities cannot be 
wparsled by any distinct line from slighter rariatJons. All such 
changes of structure, whether extremely slight or strongly marked, 
which appw amongst many individuals living together, may be 
considered as the ii^efinile effects of the conditions of life on each 
individual orgaDism, In nearly the same manner as a chill aOecta 
diffennt meo in an indeSnlto manner, according to their st 
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of budj or ooDstitation, eaniing eoughs or colde, TbcumBtisni, nr 
inUsmmatioiu of various orgaas. 

AV^lh respect to wbst I have culled the indirect action of cliari^iil 
eonditioiu, namely, Umragh the reproductive gystom bciug allccttJ, 
we may infer tliat Tnciabilit]' is thui induced, partl;r ^oia the fact 
oC tbis ijBteni being extremely sensitive to any change in the cot- 
dllioDSiftod partly from tbs Binularity, ai Kjiireuter aud otlicr* 
have reniarked, between the variabitily which followg from the 
ctDsicg of distinct species, and that wliich may bo observed with 
planti and animals nhen reared under now or minatural conditions. 
Alany facta clearly slum how cmineDtly suscepttbls the repriidiic- 
tiro lyitem is to very slight changes in the surrouDdiug-canditions. 
Xolhing is more eiuy than to tame aa animal, and fev things more 
difioult than to get it to breed freely under coafinement, even when 
the male and female nnite. How many animali there are which 
will not breed, thongh kept in an almost free state in their native 
country t lliis ii generally, but erroneonaly, atttibnted to vitiated 
instincts. Uany caltivated plants display the utmost vigoar, and 
jet rarely or never seed 1 In some few cases it boa been discovered 
that a TGiy trifling change, such as a little more or less wat«r at 
some particular period of growth, will dctermiue whether or not a 
plant will produce seeds. I canuot here ^ro the details which 
I have colkclod and elscwhcra puhliahod on this corions subject j 
bnt to ahow bow aiogclar Ihe Uwg are which determine the rcprc^- 
daction of animals under couGuement, I may mention that cor- 
DiTOTOoa uiimals, even from the tropics, breed in .this ouuutry 
pKlty ftcely under confinement, with the exception of the pUnti- 
gradeB or bear family, which seldom produce young ; whcrenii 
araiiroiou tardi, with the rarest exceptions, hardly ever lay fertile 
fggb Haoy exotic plants have pollen utterly worthless, in the 
•sma oonditiou sa in the most sterile hybrids. 'When, on the ouc 
hand, WB sea domeaticnUd animals and plants, though often wciik 
and liekly, breeding freely under conSnemcnt ; and wbca, on the 
other hand, we ace individuals, though taken young from a sldte of 
lotnrv perfectly tamed, long-Uved and healthy (of which I could 
mcca), yet having thctr reproductive system bo 

afTcctod by unperceivod causes tu to foil to act, wo ncci) 

it he Burpiisad at this system, when It does act under confinement, 

tlnz irroguUily, and producing oflspring somewhat imliko their 

pBMDts. 1 may add, that as some organiama breed freely nndcr 

nnnatuml condition* (for iDxtaiice,Tabbila and feircla kept 

ia butcheaX sliowing that their leprodootive organa ue not easily 

'] ao will *ome animals and plants withstand domostication 
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01 cultivBtion, and var/ very slightly — perliaps Imrdly more tlian 
a Btnta o(D.ilurc. 

Some nnturnlists Iiavo inninlainod Ihat ail variftliena nro con- 
nected with, the act ol mxuilI reprodaclian ; but tliia is corUiiily 
UQ BTTor ; for I bavo giTcn iu another work a long list of " «iiorliii^ 
plants," as the; are called by gardcuets ; — lUat is, of plants whicli 
liuVG Guddenly produced a single bud with ft new and somctiniiTS 
widely different chanLCter from that of tbo other buds un the euiiiu 
planL Tbeio bnd variations, as thoy may be named, can bo pro- 
pagated by gratU, oflsets, &c, and sometimes by seed. 1'bey occur 
rarely under nature, but are for from raro under culture. As a 
Einglo bud out of tho many thousands, produced year after your on 
the aame tree under imiform conditiont, has been known suddenly 
to aaiume a new character ; and as buds on distinct trees, growing 
under difiercnt conditions, have sometimes yielded nearly the same 
variety — for instance, buds on peacti-trees produdng nectarines, 
and bods on common roses producing moss-roses — wo clearly sco 
that the nnluro of the conditions is of subordinate imporinnco in 
comparison with the natore of the organism in determining each 
Ijarlioular form of variation; — perhaps of not more importance than 
llio nstiiro of tho sparlt, by which a mnss of combustiUa matter is 
ignited, lias in determining the nature uf tho flames. 



ESkU o/ Uiihil and of the I'te or Ditnse <^ Farlt; CwrclaUd 
Variation ; Jnlierilantt. 

Cliangod habits produce an inherited cITcct, as in tlie period of lie 
flovoring of plants when transported from one climate to another. 
With animals tho increased nse ordisuso of parts has bad a more 
marked tnflucnoa; thns I find in the domestic duck that tho liones 
of the vring weigh loss and lbs bones of tho leg more, in proportion 
to the whole skeleton, than do the mme bones in the wild-duck ; 
aixl this change may be safely attribnted to the domestic duck 
Hying much loss, and walking more, than its wild parents. 1'be 
great and inherited dcveloprnvnt of tbo udders in cows and goats in 
eoontries vhsre they are habitually milked, in comporison with 
tliase organs in other countries, is prohibly another instance of the 
eOccte of use. Not ooo of our domestic animals can be named 
which has cot in some country drooping cars; and the view which 
lias bc«n suggested thnt tho drooping is due to the disuse of the 
muscles of the ear, from the onimala being seldom much nlarmsd, 
teems probable. 

Many laws rcgul.itc rariilion, some few of which ran l>c diralj 
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w«a, nnd v.'iU hereafter be briefly dlscussctl. I will licto odI; 
slluls to iviiftt nny be called corrotatcd Tsriitticin. Important 
chaogea in tbo eiubiyo ot kcva will probably entail clmngca in llio 
nuitane animal. In monKtroaities, tbe comlalions betiroeD qiiito 
distinct parts sre very ciiriouB; and many instancoa tire given in 
laidon: Geoffroy St. Uikire's great vork on thia subject. Drocdcrs 
UJievs tbat loog limba are almoat oliraja Bccom ponied by an 
elongated head. Somo instances of correlation ore quite wbimeioil : 
thiu cats wbich are entirely white and have blue eyes are generally 
(leaf; bvt it baa been lately atated by Ur. Toit tbat this is conGncd 
lu tba malei. Colour and constitutional peculiarities go together, 
of which many remarkable cases could be given BEaoogst animnU 
and plants. From facta coUectrd by Heusinger, it appears that 
white sheep and pigs are injured by corteiu phnta, wiJtst dnrk- 
caloored indlviditala escape: Professor Wyiaan bas recently com- 
municated to Die a good illostration of this fact; on asking sonie 
fanner* in Virginia how it was that all tbeir pigs were black, tliey 
infurmcd bin) that the pigs ate the paint-root (Lacbiiantbes), 
wbjdi colourod their bonea pink, and which caused the hoofs of all 
bnl the bUck varieties to drop o3'; and one of tbe "crackers" 
(t. c Virginia aquatlcrs) added, " wo select the black laemborB of n 
litlst lot laiaing, as they alone have a good chance of living.'' Hair- 
less dugs have imiicrfcct tvctb : long-haired and conrse-haire^l 
aulmaLi are apt to have, as ia asserted, long or mnoy boms ; pigeons 
nalb teatlieroJ feet have skin between their outer toes; pigeons 
with abort beaks have small feet, and those with long btvks lir^'n 
fc«i. UcDoe if mnn goes on selecting, and thus augmenting; any 
peculiarity, he will almost certainly modify unintentionally other 
|iarls of the structure, owing to the mysterious laws or correlation. 

The results of tho various, unknown, or but dimly undvralooti 
Uwa of TOriation are infinitely complex and diversihed. It ia well 
worth while earefnily to itody the several treatise on some of 
oar old cultivated plants, as on the hyacinth, potato, even tlic 
dahlia, Ac.; and it it really surprising to note the endless poiols of 
strnctora and constitution in which the varieties and sub-varieties 
•llffcT slightly fiDin each other. The whole organisation seems to 
liare become phutic, and departs ia a slight degree from that of ihu 
{■trenlaX type. 

A117 variation which ia not inherited is unimportant for v.n. 
l>ii tba number and diversity of inhcrilablo deviations of atmcture, 
Iwtli tboaaof ili^t and those of considerable pbyiiologioal impor> 
tUKe, vn endless. Dr. Prosper Lucas's trralise, in two largo 
tvUunea, is llio fullest and the bent on tliis subject. Mu bfvvdar 
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doiiliti how (trong it the tondenc; to icheritntice ; that like pn>- 
ducoB like in bis rundamcntal belief: doabts hare been thrown on 
tliiH principle oulybj theoretical writen. When any deTialion of 
structure oflcn sppeais, and ne see it in the father and child, wo 
CHnnot toll whether it ranj not bo due to the same caiue having 
itcled on both ; but when amongst individuala, appareotlj exposed 
lo the same conditioiu, any Tcry mre deviation, due to «omo 
pxtrsordinar; combination of cirennistanccs, appeim in the parent 
— sny, oDcc amon^t several million individual! — and it rcappcsTs 
in tlia child, the mere doctrina of chances atinost compels ub to 
■ttribute its reappearance to iaheritance. Every one mast have 
heard of caws ot albinism, prickly skin.bairy bodies, &c.,appoaring 
in aoveml mcroben of the lame family. If stmngo and rare 
deviations of stractura are really iuhertted, loss strange and com- 
moner devifttiona may be freely admitted to be inbnititble. 
Tarhape the correct way of viewing the whole subject would be, to 
luok at the inheritance of every characlor whatever ai the rule, nud 
nun-inheritance as Ihe anomaly. 

Ulio lavs povcming inheritaDce arc for the roost p«rt unknown, 
No one can cay why the same peculiarity in different individuals 
of the Mtue species, or in diffetvnt species, 19 sometimes inherited 
and sometimes not *o; why the child oflen reverts in certain 
eharact«TB to its grandfather or grandmolbcr or more remoto ancos- 
VOi; why a pecnliarity is often transmitted from one sex to both 
sexes, or lo oae KX alone, more commonly but not eicloBivcly to 
the Uke KX. It is a fact of soma importancs to ns, that pecnliaritios 
appearing in the males of onr domestic breeds are often transmitted, 
either sxclnuvely or in a much greater degree, to the males alone, 
A tnueh nuMe important rule, which I think may be trusted, is 
that, at whatever period of life a peculiarity first appean, it tends 
to re-appeor in the oSipriog at a corresponding age, though some- 
times earlier. Id many cases this couid not bo othcnriso; thus 
the inherited peculiarities in the faoma of cattle could appear only 
in the offspring when nearly tnature ; poculiaritica in the silk- 
worm arii known to appear at the corresponding caterpillar or 
cocoon stage. But hereditary diseasai and some other facta make 
me believe that the rule has a wider citcusioD, and that, when 
tliere is no apparent reason why a peculiarity should appear at 
any particular age, yet that it does lend to appear in the oOvpriDg 
at lk« sams period at which it first appeared in Ihe parent. I 
believe this rule to be of the highlit importance in explaining the 
lawi of embryology. These remarks are of coi 
first tifpraran^ of the peculiarity, and not lo llie primary 
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Idle clemeati in 
ncailjr the same insnQor a» the incrcMed length of the honu in the 
offBpring bom a tfaort-homed cow- bj ■ long-hofned bull, though 
fcppMiins Uts Id liie, is cleu-ly due to the mftle element. 

Uaring ailudod to the subject of nvcnioo, I tnaj here refvr to n 
EUtoment often mode by natnnliBts — namely, that our domntfc 
varieties, when ran wild, gradually but invariablj nrert in charac- 
ter to tbeif aboriginnj slocaa. Hence it has been at^cd that no 
iledoctions can l« diaa^ from domestia races lo species in a gbite of 
nature. I have in vflin endeavoured to diMUTcr on what decisive 
facts the above statcmcDt hu so often and bo boldlj been nada 
Then wenld be great difGcuity in provin* its tmth : we may safely 
ocMclada tbUTery many of the roost strongly nturkcddomestio vario- 
liea could not poaaibly live in a wild atato. In many cases we do not 
know what the aboriginal stock wai^ and so could not teli whether 
nc not mvly porTect revenion had ensued. It would be ueccBEarj 
in order to pra^ent the effects of intercroaiing, that only a single 
variety should have been turned loose in its new homo. Nevenhe> 
luas, as our TarietiM certainly do occasionally revert in some of 
tlieir cba>r*ctcTS lo ancestral forms, it seems to roe not improbnbte 
that if wo could succeed in naturaliaing, or were to cultivate, 
during many gctwmtiona, the several races, for instance, of the 
cabbajjWi in very poor soil (in which case, however, some eOect 
would hav« lo be attributed to the drfinile action of the poor soil), 
Uiat they would, to a Isr^o extent, or i^en wholly, revert to the 
wild aboriginal siocfc. Whether or not the eiporiment would 
■Doceed, is nut of great iroportsnco for our line of anrument ; for by 
the experiment itself the conditions of life are changed. If it could 
b« shown that our domestic varieties manifuslcd a strong tendency 
lo rvninioo, — that is, to lose their acquired charactcis, whilst kept 
iiKdv tb« mna conditions, and whilst kept in a considcntblo body, 
•0 that free intercrossing might check, by blending t^^ther. any 
dight deviationa in their structure, in such case, I p^nt that wo 
ooaU deduce nothing from domestic varieties in regard to s)ioci«. 
Mm tbsie ia not a shadow of evidence in favour of this view ! to 
aiMrt that we could not breed our cart and lacc-hones, ha^ and 
■hort-lionked cattle, and poultry of vnrioos breeds, and escntent 
ttgatablMi kt an unlimited number of genonttioDs, would be 
gpfceed to sU experience. 
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Wliua vo look to tho heredilAry varieties or races of our domcsLic 
niiiiniiU flod {iUqU, aud compare them witb clonely oXWeA species 
wQ gcucrally pcrcciro in cocli domcstio rncc, as alrcndjr rcmatkcd, 
Icig uuiforuiity of cbniacter than in tnio specius. Domestic race« 
often liavo a sotnewhat monstrous character; by vhich I mean, 
that, iilthou--h diOiiriag from each other, and from other cpccies of 
tliu «amo geuus, in bctctoI IriQing respects, tiicy often differ in an 
uxtrcme dogrco in toiaa one p»rt, both whtn comiKired one nitli 
another, imil mora especially when compared with tho spccius under 
salure to which Ihcy otq nearoEt allied. With these oxccpliont 
(and with that of tlio pt^rfoct fcrtiliiy of Torictioa when croraed, — a 
subject hereafter tg be discussed), domestic races ot the same speoies 
(lilfer from eac^ other ia the same manner as do th# closely-all ltd 
upceies of tho samo genua in a etate of natoni, but the diffcrctict:! 
in most cases are less in decree. Thii mnsl ho admitted as true, 
Tor the domestic laecs of many auimalj and plants liavo been 
ranked by soma competent judges as the deKeudonts of aborigi- 
nally distinct species, and by other competent jndgca ns mere 
vuricties. If any well marked distinclioa existed between n 
<lomc3t4C race and a apocios, this source of doubt would not ta 
perpetually recur. It Lns often been slated that domestic racrs 
do not differ from each olhor in characters of ceocric value. It can 
be Ehowu that this slatemcnt is not correct ; but naturalists differ 
inuch in dotoimining what characters are of generic Talue; all 
titcb valuations being at proscnt empirical When it is eiplnTue<l 
luiw genera origioalo under nniure, it will be seen that wo have 
no right to eipect often to fiud a generic amount of difference 
in our domesticated races. 

In attempting to estimate the amount of slmctural dinercnco 
between allied domestic races, we are soon invoivetl in doulit, 
Irom not knowing whether tliey oro descended from one or several 
parent species. This point, if it coulJ be cleared up, would In 
interesting ; if, for instance, it could be shown Ibnt the greyhounil, 
bluodhound, terrier, spnniel, and bull-do;, which we aU know 
propagate their kind truly, were the offspring of any single species, 
tlicn such facts would have great weight in niakiog us doubt about 
the immnlability of the many closely allied natural spociea — for 
lustance, of the many foxes—inhabiting different quarters of tl.'e 
world. I do not iK'lieve, ns we sii.iU prisciilly irc>, ili.it llie «' 
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nnioiinl of iliffcrcDce between the eovcnU broods of the dog has been 
produced uodor domestical ion; I belieTc that a sinall part of iho 
dilTeTOUia u duo to tbcji bring dcRccndcd from distinct qiecica. In 
■ho caie of stronglj markod races of sonia other domes ti cat eil 
(jicdas, there U presumptive or eron strong cvidenco, thnt nil nro 
■UMcnded from a siogla wild stock. 

It boa ofUn been aiBuncd that man has choseti for domceticn- 
lipB animaU and plants having an «xtmoi'dinaiy inhpreiil tendency 
roTary,aDd likowiae to withstand diverse climates. 1 do not diepnlo 
tliat tiicse capacitit:^ have added largely to the value of moet of our 
domnticated productions ; bet hoiv could a savage ponibly know, 
when he firrt tamed an animal, whether it would rary is succeeding 
generations, and whether it would endure other climates ? Ilns 
tba little vafiability of Iha am and gooao, or the enmll power of 
cndiirviee of wannlli by the reindeer, or of cold by the coiuinon 
camel, preventi-d their domestication? I cannot doubt that if 
other animals and plants, equal iu number to our domesticated 
prDdnclionA, and belonging to equally diverse claascs and countries, 
vrxo taken from a state of nature, and could be made to breed for- 
an equal nninbLT of generations under domestication, tbey would 
on au BveiBgs vary as largclj as the ptrcnt species of our existing 
domesticated productions have varied. 

In tha case of most of our anciently domcfitieated animals nnd 
tilants, it Is not possible to come to any definite conclusion, whclbor 
ibvy are deaocrtdcd from one or several wild speciee. The argument 
niajnly relied on by those who believe in the mnltiple origin of oiir 
domeMie animals is, that wo find in the moat ancient times, on the 
iiionninenta of Egypt, and in the lake-habitations of Switzerland, 
innch direniQr in the breeds; and that eomo of these ancient 
hrecila closely rewmhle, or are even identical with, those still exist- 
ing. But this only throws far backwards the history of civilisation, 
and shows that animots were domesticated at a much earlier period 
than has hitherto been supposed. The lake-inhabitants of Swil- 
leriaad cultivated acveral kinds of wheat and barley, the pea, tlio 
(lOppy for oil, and flax ; and they possessed several domesticated 
obiiuals, 'I'hey also carried on commerce with other natioiu. All 
ihia clearly shows, as Ueer has remarked, that they had at this 
early aga progreased considerably in civilisation ; nnd this again 
InpliCB along continued previous period of less advanced civilisation, 
■hirinti which the domesticated animals, kept by dlScrent tribes in 
diflcreDtdiatiiets.might have variotl and given rise to disibct race". 
tunc* the diwcovory of flint tools in the superfieial formstlnns of 
■ i*rl» of the worlrl, nil ^ol.t^isls lirlirvp tlint ^n^^[lriftn in.'iii 
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cxiBtcd at aa eDarnxnul; remote period ; snd we knon lliat nt iha 
pnueaC i*j there is hardly a tribe to bajbaraua, u mit to line* 
domesticated at least the do^. 

The ori}^ of most of our domeitic antmrds nill probMlily fr<r 
ever remaia Tagne. But I Diajr here stato, that, looking to tha 
domeslio dogs of tho whole world, I have, after a laboriout collection 
of all kuoWD facia, come to the conclusion that Mveral wild spccici 
of Canids IiavB been tamed, and that their blood. In some caera 
mingled together, flowi in the -reini of our domestic brfodi. In 
regard to sheep and ^;oati 1 can form no decided o{H[iion. From 
facts communicated to mo by Mr. Blyth, on the habits, voice, con- 
stitution, and Etructure of the humped Indian csttic, it is almost 
cenain that they are descended from a difTerent aboriginal stock 
from oar European cattle ; and aome competent jadgcs believe thnt 
tbcM latter Lave had two or three wild pn^enitors, — whether ornot 
thwa dewiTo to be called species. Thi« conolaslon, u well as that 
of tLe specific distinction between the hamped and common cattle; 
may, indeed, be looked upon u established by the admirable rc- 
MMobea of Professor Biitimeyer. With respect to hones, from 
reasons which I cannot here give, 1 am doubtfully inclined to believe, 
in oppoeitioD to sovenil authors, that ail the races belong to the same 
species. Having kept nearly all the English breeds of the fuwl 
alive, having bred and crossed them, and examined their skeletons, 
it appears to me almost certain that all are the descendants of thn 
wild Indian fowl, Galliis bonkiva ; and this is the conclusion of 
Mr. Blytb, and of others who have studied this bird in India. In 
regard to docks and rabbiu, some breeds of which dilfer much from 
each other, the evidence is clear that they are all dtuwcndod 
from the common wild duck and. rabbit. 

The doctrine of tho origin of our several domestic races from 
seroral aboriginal stocks, hoi been carried to an absnrd eilmme by 
■ome authors. They believe that ever? race which breeds true, let 
■ he distinctive charMtera be ever so slight, has had its wild proto- 
type. At this rate there mnst have existed at least a score of 
fpecies of wild cattle, u many sheep^ and several goals. In Kiiropo 
alone, and several even witbin Great Britain. One author believes 
that Ihere formerly eiistod eleven wild species of sheep pecnliar to 
Great Britain 1 When we bear in mind tUat Britain ha* now ni4 
otn peculiar mammal, and Fiance but (bw distinct from those of 
GennAoy, and so with Hungatj, Spain, &e., bat that each of these 
kingdoms poasessc* ieva«I pecnliar bneds of cattle, sheep, &e., wn 
m'ut admit that many domestic breeds must have oriKinstnl in 
Enropa; furwhettceotherwinecntild they have becnderivnt? Mtillfi 
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In India. Even in thocaseof llta breeds of the domoaticdo^ through 
out tbo world, which 1 Bdnit are dosccniled from several wild tpc- 
cios, it cannot be donbled Ibat there has been hii immenBB amount 
o{ inherited vamtion; for who will bctievo that nninula rloecly 
resembling the Italian greyhound, the btoodbuund, tha bull-du'^', 
pag-dogi or Blenheim tpanicl, Jbc. — so unlike all wild Canid.e — 
cTvr exi»ted in a state of nature? U has ortcn been lua>ely ssii. 
that all our races of dogs have been produced by the crossing of a 
lis* aboriginal species ; but by crossing we can only get forma in 
soma degree miermedinte between their pamats ; and if we acconnl 
f'lr OQT aeveisl domestic races by this process, we must ulniit tha 
fonner e:iisIeDcs of tbo most extreme forms, as tho llalfeD groy- 
hound, bloodhound, hull-dog, &c., in the wild slat«k Moreover, 
IhepuesilHlily of mailing distinct races by crossiiig bu bean greatly 
Diaggersled. Usoy r«ses »re on record, sbowiug that • rac« may 
In modified by occasional crosses, if aided by the careful selection 
of the individuals which present the desired character; but to 
obtain a race intermediate between two quite distinct races, would 
\* very difficult. Sir J. Sebright ex.presaly experimented with this 
nbjcct, and failed. The oflspring from the Erst cross between two 
pure breeds is tolerably and sometimes (as I have found with 
|iigiMns) quite tinifonn in cbatscter, and everything seems simplo 
•nougb i but when these mongrels are crossed one with aDothcr (or 
rcveml gonemtioni^ hardly two of them sro alike, and then tha 
ditScnlty of the task becomes manifcat. 

iTrotb tfdm Domeilic Pigeon, Ihtir Differtarxt and Origin, 
BoUeving that it u always best to study soma special gnmp, T 
have, after detibsrBtioni taken tip domoetie pigeons, I liave kept 
rraj b>Md which I could p<irchase or obtain, aitd have been most 
kindly fiivonred with skins from several quarters of the world, morn 
especially by the Hon. VV. Elliot from India, and by the Hon. C. 
MiLrra; from I'erna. Many treatises in different languages have 
been pulilished on ptj^ns, and some of ihem are very important, 
a* bctag of considerable antiquity. I have associated with ecveml 
mdImU fanders, and have been permitted to join tivo of the London 
ngeonCInb^ Tho diversity of the breeds is something ostotiiRhLn;:. 
Ceotpwie tlie English carrier and the short-raced tumbler, and see 
Iba woodsfful diSereDca in ihcir beaks, enUiling corresponding 
difinwioes in theii skulls. Tho carrier, more especially the male 
Liini, is also rematkable from the wonderful development of the 
cwnnculaticd skin about tho head ; utid this is accompaninl by 
ffmUiy tUmgatci ejclidr, very InrT nlrmal orificra to tho nostrils, 
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nod A wide gttpo of moutb. Hie Ehort-facetl tiiiubtcr tins it Umk ia , 
oDtlmo alraort like tbu of a finch ; and the common tumbler )vu 
tlie singnlor inberiUd LnlHtofflymgat a grcnt height in aeoni]Mct 
flock, and tumbling in tho air bead over hceU. 'i'bo mnt is a bird I 
uf grcal size, witli long massive beak and lar^c feet ; Boino of llio 
siib-brceda of mots have Tcry long nccki, olhcra vGiy Ions iviii7< ! 
Hud tails, otlion singularly short tnils. Tha barb is allied to tl>o 
c^irricr, but, iostead of a long beak, has a very Ehort and bruad one. 
TliB pontcT has a much elongated body, nings, and l^s ; and it' 
I'uormously developed crop, which it glories in inflaUns, may ntill 
u^icile aalooishtncnC and oven langhtcr. The torbit has a short and 
conical beak, with a lino of reversed fenthera down the breast j and 
it hastbehabit of continually Bxpanding, Elightly,tha upper pnrt of 
liie O38opbagas. llie Jacobia has the foathcrs so much rovcnied 
!i!ons '^<^ "^^ of the neck that they form a hood ; and it lias, pro- 
]wrlionslly to its size, elongnLud wing and tail feathers. Tbu 
Irunipetcr and Isughcr, ns tlioir names ox|inBg, nttor a very different 
eoo from tho oilier broods. The fantail bos thirty or even forly 
lail-fcathcra, ioslcad of twelve or fonrtcen — the normal number in 
all tho members of the great pigeon family : these feather? ore keiit 
expanded, and ore carried so erect, that in good birds the head a 
toil toQch : the oil-gland ia qiuU) aborted. Several other Icta 
distinct breeds might be specified. 

In tho skeletons of the several breeds, the development of tlie 
bones of the tux in length and breadth and curvature diners ei 
mously. lite shapo, na well as the breadth and length of the rai 
of tho lower jaw, varies in a highly remarkable manner. ' 
caudal and sacral rertebim vorj in number ; as does the number of 
the ribs, together with their teUtiro breadth and tho presence of 
jirocesiiea. I'he siie and shape of the apertures in tho stemor 
highly variable ; so is the degree of divergence and relativa si 
tlic two arms of the fnrcuU. The proportional width of the gspo 
of mouth, tho proportional length of the cjolids, of the orifice of 
the nofllriis, of tho tongue (not always in strict correlation with tlio 
length of beak), tho size of the crop and of the upper part of tho 
•isophagUB ; tho development and abortion of the oil-gland ; tho 
number of tho primary wing and cnndal finthers; tlie relative 
loiigth of the wing and tail to each other and to tho body ; tho 
relative length of the leg and foot; the number of ecutella) t 
the toes, tho development of skin between the torn, i>re all points 
Df structure which are variable. The period at which tbo perfect 
liluinage is acquired varira, as does tbo state of the down with whidi 
the neatlins birdinrc el.illicd nhen hnlrhwi. The ^hnpc and ms* 
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i>r tho pg!!s \a,rf. 'i hs mumer of flight, and in 
voim and dis[xit>itioii. diiler remBrkably. Ijaslly, ii 
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score of pigeons ini^ht bo cIjubcd, whicb. if 
ihatm to an ornithologist, aod bo nero tolil tbat the; ncre ^vijd 
bIrJs, wotdd certainly be ranked by him os wcU-dcSncd speciis. 
IJoTKiver, I do not beliovo tbat any orDitliolD);ist ivould in tiiis 
cuse place tho English coiriiir, tho short-fnced tumbler, the mnt, Uio 
barb, pi>«t«r, and fantail io tho some genua; more especially as in 
le breeds aeveral tnily-inheriled sub-breoda, or ejiccius, a8 
tie would call them, could be Hhown him. 

Great as ars the diOcrcnces between the breeds of the pigeon, 
I am fully canviocod that the ccmmoa opinion of Ditumlisla ih 
«t, namely, that all ara dcEceodod from the rock-pigeon 
(Cblambs liviu). inctodiug under this tenn sovenil geot^phical 
isoT*ub-iped<»,whichdiirci &om each other io tbemost bifiing 
Kcpn^ Aa aovenil of tho rcnsons which ha-re led me to thia 
baliof ore in Eomo degree applicable in other case*, I will hero bncfly 
^ve tlt«tn. If the MreraL breeds are not Toriotloa, and have not 
proceeded from the rock-pigoon, they must hare dsscendod from at 
n or sight nborigmol atocfcaj for it is impossiblo to maku 
t domestic breeds by ths crceiing of any IcBser number : 
r iutanco, could a pontct bo prodncvd by cnwaing tiro 
H we of the pareDt-itocks posseseod the characteristic 
R crop? Tho supposed aboriginal etoche must all liavs 
nioek-p^oons, that is, they did not breed or willingly perch on 
" ■ C. livia, with its geographical sub-species, only 
two or thnw other species of rock-pigeons are known ; and these 
havo ikot any of the characters of tho domestic breeds. Hence tho 
npjwtod aboriginal alocka must either still exist in the countries 
where they weto originally domesticated, and yet be unknown to 
onttbologitte; and this, considering their size, habits, and renaark- 
able cbanctcrs, seems improbable; or they must havo bocoroo 
extinct in th« wild sUle. But birds breeding on precipices, an-1 
piod flioti, ara unlikely to bo eKterruinatod; aud the common ro-'k- 
lilgBOO, which has the same habits n-iih the domoslio breeds, has 
M( been axlamiitMted even on several of Ihe smaller British isteiK, 
cc oa tlu ebora of the Meditenanean. Hence the supposed extrr- 
■eiuition of so many species baring similar habits with tho rock* 
pigMD Mcms a rery null aasumption. Morcver, tlio sovrml alioTe- 
uuMd domeatlcated breeds have tieca tiansportul to all fiarls ofiho 
wsdd, Bul, thorcforF, tnmo of them muni \\atv Wvn rnrrityl lack 
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■^ia ioto their native country; bnt not one has bccomn wild or 
feral, though the dovecot-pigeoD, which is the rock-pi^sou in a very 
ulightlj altered itate, bus become fetal la seveml places. A^ain, 
all recent exporienM shuwi that it is difficult to get wild Bnimaia h) 
breed freely nnder domestication; yet, on the bypothesia cf the 
multiple origin of ont pigooos, it must be assumed that at Icort 
»i!Tcn or eight gpccies were so thoroughly domesticated in ancient 
limes by haU-civitiscd man, lU to be quite prolific under cun- 



An argument of tn«at wciglit, and nppUcnble in sovival other 
cnsas, is, ibat Ibe aborO'Spociflod breeds, though agreeing generally 
with the wild rotk-pigeoa in eonstilulion, habits, Toico, colouring, 
nnd in mo&C parts of thctr structure, yet are certainly highly abnor- 
mal in other pnrts; we may look in Tuin through tho wbole great 
family of Coiumbida: for a beak like that of iho English carrier, or 
lliat of the short-faced tumbler, or barb; for rvversul feathers like 
(hose of the Jacobin; for a crop like that of lh« pouter; for t«il- 
fwilhcn like thoee of the fantaiL Hence it must be assunicd not 
only that half-civilised man tuoccodod in thoroughljr domctticaling 
sovBtal epcciei, but that he intentionally or by cbance picked out 
extraonliDarily abnormal species; and further, that these very 
species have since all become extinct or unknown. So many utran^^e 
L-outiogencie* are improbable in Ibe highest degree. 

Same facts in regard to lie «4ouiing of pigeons well deserve 
consideration. Tborock-pig«.ti ii of a slaty-blue, with white loins; 
but the Indian snb-specics, C. intermedia of Strickland, has this 
|iart bluish, 'ilie tail baa a terminal dark bar, with tho outer 
rcathcra Pitemally edged at the hose with white. Tho wings have 
two black ban. Some lemi-domsstic breeds, and some truly wild 
brwdt^ have, basides the two black bars, the wings choqucred with 
black, 'i'heae seven! marks do not occur together in any other 
species of the whole family. Now, in every one of the domestic 
breeds, taking thoroughly well-bred birds, all the above marks, even 
lo the white edging of tho outer tail-feathen, sometimes concur 
gnrfeatly developed. Moreover, when birds belonging to two or 
more distinct breeds are crossed, ivone of which are blue or have 
liny of the above-specified marks, the mongrel oOapring are very 
apt aoddeulytoacquiro these characters. To give one iostancoont of 
seveml which 1 have observed; — I crossed some white fantails, which 
breed very tme, with some black barbs — and it so happens that 
blue varieties of barbs are so rare that I never heard ot an inslanea 
in Kngland ; and the mongrcla were black, brown, and mottled, t 
sIm) crossed a bnrb with a sfot, which is a white bird with a mi 
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Uil iumI red qicl oa tlie foreli»d,aiiil which noWrionsJy brceUii very 
Ituo ; the mon^rols were dosky nnd mottloil. 1 then cruiBcd one or 
tiie mongrel baib-l^tails with * roongrel barb-«pot, find they ynr- 
(iocad a bird of u bcauUrul ft blue colour, wiib the white IuIdh, 
donhla black wiug-bor, and b«rred and white-edged tnil fentbefs, dk 
any wild rook-pigeaiL I We can underatand thcss liictg, aa tli'- 
wull-known principle of reversion to nnecstral chimctera, if a\\ 
ihe domestic breeds ore descended Irom the Tock-pigcon. But iC 
we deny thi«, we must make one of the two following highly im- 
probable suppositions. Either, fint, that nil the ecvenl imagined 
aboii^td Btock* were coloured and marked like the rock-pignon, 
nithough DO other existing species is thus cotourfd and narkod, u) 
lh«t in each Kporate breod there might be a tendency to revert to 
the very nma coioan and mnrkingR. Or, secondly, that ench 
breed, erea iha piresl, has within a dozen, or nt moEt within a 
Kor(^org«Qerstioa*,beeni:rossed by the rook-pigoon: I my within 
A docen or twenty generations, for do inslonco is known of crosaei) 
dMCcnduiti reverting to an ancestor of foreign Hood, removed by a 
gr«at«i nnmber of gt'ncraliona. In a breed which has been crosKd 
ualj' ODoe, the tendency to ruvert to any cbamcter derived Iroiii 
anclk ■ croM will naturally beconis less and lcs^ as in each snccecd- 
ing generation there will be less of the foreign blood ; but when 
thera hu been no crocs, and there is a tendency in the breod to 
revert to a character which was lost during some former gencratioii, 
Ihis tondency, for all that we can see to the contrary, may Iw 
Iranamittod undiminished for an indcSnite nambcr of generaliona. 
TheM two distinct cosea of reversion ace often confounded togcllicr 
by thuW) who hare written on inheritance. 

Lull)', the hybrids or mongrels from between all tho browla of 
tb« pigMQ are jorlectly fertile, as I cnn sUtte from my own obser- 
■aUcna, [nrpoaely made, on the most dlKtinct bteeda. Now.hardly 
any caaca have boen ascertained with certainty of hybrids from two 
(inito distinct specie* of onintaU being perfectly fertile. Some 
autlian boliera that long-coo tinned dumeiticatton eliminates this 
iUaag tODdenBy to sterility in species. From the history of the 
dojc ud of toDM other domestic aninials, this concluuon is pro- 
UUr qoita oorroct. If apyilied to spccic« cloeely related to each 
othK. Cut to extoiui it so for OS to nipposo that species, nhoti^'l- 
iMlly n distinct on canrii-rs, ttimbim, pouters, and fflniaiU now arc, 
•haald yield oOsprine perloclly fertile inlrr «, would be nih in the 
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loruKrly tnadu stvcn or eight luppoecd njicticii of pigroni 
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breed freely under domeitication ; — Ibese supposed species bcdog 
quite unknowa iu a wild txaXe, and their not iinTiDg become itoj' 
'vvliere feml -, — thcw species presenting certain vcrj abnomiAl cbn- 
racters, is compared tvitli all other Colambida;, tboogU bo like the 
rock-jrigoon in most Tospocta ; — the occauonal re-appeoranco of 
the hlua colour and various black marks in all the breeds, both 
ivhen kept pure and when crossed j — and lastly, the mongrel off- 
K|iring bcitig perfectly fertile ;-~from tbeso several masoiia^ tahac . 
t'igother, we msj safety conclude that all oar domestic brtieds xra J 
■luacendod from the rock-plgeoa or Columba livla with its geVoTSr I 
[ihical suli-spocie«. ^ 

In favour of tJili view, I may add, firstly, that tlio nild C. liiil ' 
liiis been found cipobte of domestication in Europe and in India; 
nnd that it ^reea in habitaknd in agreabnumber of poinUof slnic- 
ture with all the domestic breeds. Secondly, that, nlibotigh an 
Kiiglish carrier or a short-laced tumbler ^fiers immensely in certain 
diiractciB from the rock-pigcoo, yet that, by comparing the seveml 
cub-breeds of these two ibccb, more especially those brought from 
distant countries, no can make, between them and the rock-pigeon, 
S3 almost perfect series; bo we can in some other cases, but not 
with all the breeds, Thinlly, those chatocten which aie munly dix' 
tinctivD of each breed are in each eminently variable, for instotice 
tho wattle and length of beak of the carrier, the shortnefla of Ibat 
of tho tumbler, and the number of tAil-fcathors in the fantail ; ami 
I hu explanation of this fact will be obvious when we treat of Selec- 
tion. Fourthly, pigeons have been watched and tended with tho 
utmost care, and lorcd by many people. They have been domeeti- 
cattd for thousonds of years in Beverol quarters of the world; Iha 
t'.irljest known record of pigeons Is in the fifth Egyptian dynasty, 
about 3000 B.C., as was pointed out to mo by ProfeBSor Lepsius; 
but Hr. Birch inf<:vins me that j^geons are giren in a bill of fare in 
tho previous dynasty. In the time of the Romans, as we hear &om 
I'liny.inunenae prices were given for pigeons; "nay, they are come 
to this pass, that they con reckon up their pedigree and nrae." 
rigeoni were much valued by Akber Khan in India, abont the ytur 
IGOOj uever leas than 20,000 pigeons were taken with the court 
"Tho monarchs of Iran and Tursn sent him some very nre birds;" 
and, continues the courtly bisUiriaa, "Ills Majesty by crossing the 
breeds, which method was never practised before, his improved Ihom 
lutonlshiugly." About this same period the Dutch were aa eager 
aUmt [n^oDs as were the old Romans. The paramount importonea 
of these conai derations in eipluining tho immenm amount of vari- 
olMD which ri-cona liovc undergone, will likewise bo obvious i 




iro tteat of Selection. Wc shnll then, nlso, see how it b that the 
Mverol birei^B so orti^n harts a somewhat monstrous chantclcr. It 
It »Uo a most favoufablo drcnnistance for tlio proilucllun of ill^- 
tinct bro?dB, lliat male aiiJ fomale piseons cnn bo eadl^ muttd fi>r 
lifo; and thus dllTerciit brocda ma be kept logothur iu iho taiiui 

II have diacDssol Iho probable origin of domestic pigeons st eonie, 
jet quite ininffident, length; because wbea I first kept pigeons 
ftnd mtcbed tbe several kinds, nell knoiring how truly they brccil, 
1 felt fully M much dilEculty in bvlicving that since tlicy hod been 
domesticated they had all proceeded from a common parent, na any 
natotslist could in coming to a similar conclosion in regard to tlio 
many ipeciea of fincfaea, or other groups of birds, in nature. Ons 
circnmitsnce has struck me much ; namely, that nearly all tho 
bracdoiB of tba rarious domestic animals and the cultivators of 
plauls, with whom I have conversed, or whose trcaUsea I bavo reai!, 
are tnnly oooTioeed that the several breeds to which each has at- 
tended, are descended from so many aboriginally distinct species. 
AA, as I bavo naked, a celebrated miivr of Hereford cuttle, wliutlicr 
his cottlo might not have descended from Long-horns, or both from 
a common psrent-stock, and he will lau;h yon to koto, I linve 
never met a pigeon, or poultry, or duck, or rabbit fancier, who Mas 
not fully MDvinced that each main breed was descended from a dis- 
tinct spedei. Van Mons, in lib treatise on pears and apples, shows 
how utterly be disbelieves that the several sorts, fur instance a 
lEibstun-pipina or Cbdlin-npplc, could ever have proceeded from the 
•c<^ of the Bams tree. Innumorahle other examples could be given. 
Mptaiwtion, I think, is simple : from long-continned study 
they are strongly impressed with tlie differences between the several 
! nces; and though t^ey well know that each race varies slightly, 
I lie they win their pritcs by selecting such slight diCcrences, yi-t 
I Uiey ij^ore all general argumeots, and refuse to sum up in tbi'ir 
I minda (light dilTerences acctimnlated during many successive gc'ic- 
Intioni. Hay not those naturalists who, knowing far less of llie 
I bw« of Itibcritonco than docs the breeder, and knowing no mou! 
■ IhsB be does of the intermediate links in the long lines of descent, 
I jtt admit that many of our domestic races are descended from ilic 
« pnirnt*— may they not loam a leaaon of cantion, when ifccy 
le the ideaof species in astaleofnnture being linail descondsiiti 
|l(«]ieiapccictr 
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rrincljilB'i of SJtrlion ancienBy fottoivtd, and IhcCr Effrtli, 
If t ti3 Dov bricQf consider tlio itcjie by which domcatic non. I 
li>kv<i been praduceJ, ciiliet Stvta one or froni KTeral alliel epccii-» 
Soriio elTcct may be attributed to the direcC auil definite action ol 
tlie eitcmal conditions of life, and aome to habit; but ho would be 
a buld nim who would account by such agencici Tor tho diETcicncea 
between a drBy BJid rsc« Uorac, a greyhound and Uoodhound, « car- 
rier and tumbler [Hgoon. One of the most reroarkablc features in 
our domesticated racca ia that we Me in them adaptotioo, not indeed 
to tlie aoimal's or pliuit'i own good, but to man's use or fancy. 
Sumo variation* tuefut to him have probably arison suddenly, or by 
uDoatcp; many botanisls, for instance, believe Ihnt the fuller's loascl, 
with its hooka, which taonot be rivalled by any mechanical con- 
trivance, u only B variety of the wild Dipsacui; and tbia amount 
of change may have suddenly arisen in a aeedliiig. So it has jmi- 
bably been with the tumipiCdos; aod lliis ia koovn to have been 
t)ie case with the aocon ^ecp. But when we compare tlio dray- 
liorse and mce-horrie, the dromedary and camel, the various breed* 
of sheep fitted either for cultivated land or mountain pasture, with 
the wool of one breed good for one purpose, and that of another 
breed for another purpose: when we compare the many breeds of 
dogt, each good for man in different ways ; when we compere the 
game-cock, bo peiUaacious in baltle, with other breed* so little quar- 
relsome, with "everlastinf; layen" which never deure to ait, and 
with the butam so email aod el^ant ; when we compare the host 
of Hgricultural, caliuary, orchard, and flower-garden races of planti, 
moat useful lomanat di1TerentBeai)OnsBndfordi0<3rentparpoaea,arso 
beautiful in his ejus, we must, I think, look further than to mere 
variability. We cannot auppOM that all the breed* were aoddenly 
produced a* peKcctand as tiseful a* we now aoe them; indeed, in 
many catea, we know that this baa not been their history. The 
key ii man'* power of accumuhitive selection : nature gives auocc*- 
sive variations; man adds Ihem np in certain direction* useful to 
him. In this tense he may be said to have mods for himself useful 

The great power of this principle of selection is not bypotbelicaU 
!t is certain that several of our eminent breeders haTe, even within 
'I single Ufctime, modiii«d to a large eitoit their breeds of cattle ami 
nlimp. In order fully to realise what they have done, it i* almost 
titcvssary to read several of the many treatises devoted to this sub- 
>i-ct, and t« inspect tho animals. Breedon habilually speak of an 
animal's or^aniuition as something plastic, which tliey can model 
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aliiKiBt M llicy ji'.tnto. If I hwl apace I could quote mimoniiu [Wi- 
■i*n (a Ibis eflvcC from highly caropetenC autboritica. Youalt, 
H ho wu probtblf better acquainted with the works of a^ricuUuriits 
than ilmoit any other icdiviiliial, and who was himBvU a very gnyl 
judge of uumala, spcaiis of the principle of selection as " that which 
(Eublea the aj^culturiit, not only to modify the character of hi« 
fioct, but to change it altogether. It is tbe mngicLin's wand, by 
mewu of which he may Burauioa into life whatever form and mould 
Le pUuca." Lord Sonurvillo, spcabing of what breeders have done 
for dheep, Mys: — "It would seem aa if they had chalked out upon 
a wall a fonn perfect in itself, and then bad given it existeiioe." In 
Soxoay the importnnca of the principle of selection in regnrd to 
mrhno ahccp is to fully recognised, that men follow it as a tmde ; 
the aheep are jibced on a table and arc studied, like a picture by » 
connotsiour ; Ibis is done three times at intervals of roontha, and tlie 
ihci^p are each time maikod and claused, so tliat tbe very best may 
uttiniitoly be selected for breeding, 

niiat Eogli^b breodcn have actually ctfeclod is proved by ll'e 
cnonnous prices given for animals with a good pedigree ; and tlieee 
Itnie been exported to almost every quarter of the world. The 
iuiprovNncnt is by no means geD«ral1y due to crossing diCTerent 
breeds ; all the best breeders are strongly opposed to this pncticc, 
except aometimes amongst closely allied sub-breeds. And when n 
cms hat be«D made, the closest selection is far more indispensable 
rma than in ordinary cases. If selection coitsisled merely in ae\»- 
rating some very dislitict variety, and breeding from it, the principle 
would be BO ofavkmi as hardly to be worth notice ; but its import- 
ance coosiats in the great eSect produced by tbe accumulatioii in 
line diraclion, during suocessire geneiations, of differences absolutely 
inapfMwiabla by an uneducated eye— differences which I for one 
bare vainly attempted to appreciate. Not one man in a tliousaud 
haa MroRcy of eye and judgment sufficient to become an eminent 
bmdar. VS ^ft«d with these qnalitics, and bo studies his subject 
Tor JWMS, aiid devotes his lifetime Xa it with indomitable perse- 
yrtuaeu, ha will succeed, and may make great improvements; il he 
inuita any of these qualities, he will axsurcdly fail. Few woiitj 
natlity betiera in the natural capacity and years of practice rc^uinitu 
lo bscooM areD a skilful pigcon-Cmcier. 

The Btaa I4inci|>les are followed b; horticulturists; but the vari- 
stiona are ben often laoie abrupt. Ko one supposrs that our 
HioiDsat pnxtiKtions have been prodooed by a single variation from 
iha abortglaal stock. We have proofs that this has not boon so in 
inml casts In which cx.ict rccorig liavo been kqit; thus, togira ■ 
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very trillins uatsnee, the tteadily-iocrcasing Eiza of tbc commoti 
gooseberry may bo quoted. Wc ste an aatonishmg iroproTemcnt in 
manj SorUts* flowcis, whca tbs floircis of tbe present day are com- 
pared with diawings uuule only twenty or thirty years ago. When 
a race of plants is ooce pretty well cstabliabcd, the scod-ntisera <!o 
nut pick out the but plants, but merely go over thoJr secd-bods, 
mid pull tip the "rogues," as they call the plants that deviate 
from the proper standard. With animals this kinil of seloclion is, 
in fuct, lihewiee followed; fur bardly any one is no careless as to 
breed from bis woist animAls. 

In regard to plants, there is anotlier means of observing tbs 
nccumulitted effects of Ecloction — namely, by comparing tbe diver- 
xity of floHsrs in the differcat varieties of the same species in the 
llowcr-gardcii ; the ditersity of leaves, pods, or tubers, or whatever 
part is Taloed, in tho hitcfaon-gardcn, in contpariuiQ with the 
llowerj of tbe same varieties ; and tbe diversity of fruit of the same 
Kfccica in tbe orchard, in compftriaon with the leaves and fiowcrs 
of tbe «amo set of varieties. See hoir different the leaves of the 
cabbage are, and how extremely alike the flowers; how Dolike the 
flowers of the heartsease are, and how alike tho leaves ; how much 
the fruit of tho different kioids of goosebcn-ics differ in size, colour, 
hha(ie, and bairine^, and yet tbe flowers present very slight diOe- 
reiiccs. It is not that the varieties which differ hkrgely in somo onu 
jwint do not differ at all in other points; this is hardly ever, — I 
tit-cak after careful o)»ervatiou, — perhaps never, the case, 'llie law 
of correlated variatioo, the importance of which shouU never lie 
overlooked, will ensure Mjme differences; but, as a general mle, it 
ciumot be doubted that tho continued sciection of slight variations, 
either in the leaves, tho flowecs, or the fruit, will produce races dif- 
fering from each other cbicBy id these characters. 

It may be objected that the principle of selection has been 
reduced to methodical practice for scarcelymore than threo-^iuartcia 
of a century ; it has certainly been more attended to of kto yearv 
aoA many treatises have been published on the snbject; and tba , 
result has been, in a corresponding degree, rapid and importonl. 
I'ut it is very far from troo that tho principle is a modem discovery. 
I could give several references to works of high antiquity, in which 
lliB full importance of the principle is ackDowledgcd. In rude and 
lorborons periods of English history choice animals were tftcn im- 
ported, and laws were passed to prevent their exportation : the 
Jcttnicliou of horses tmder a certain size was ordered, and this may 
be compared to the "rogiiing" of plants by nureciymen. Tlie prin- 
ciple of sebxtion I Enddistineily j;ii-en in ao ancient Chines* encj- 
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Explicit nilca am bid dawn by some of the Rouinii 
rrilera. From passages in Genesis, it is clcnr tliat tbei 

Beoloot of domestic animaU nas at that early period attended to. 

■ Savages now Bometimes cross their dogs with wild cnnine animals, 
to inipruve the breed, and Ibej fomeily did so, as is attea!(?d by 
pMUgea in Pliny. The anTsgca in Sonlb Africa mntch their 
dnnght cattle b; oukni, a> do some of the E«quimiiiii their teoins 
of dogs. Livingstoae suilcs that good domestic breeds are highly 
valned by the negroes in the interior of Africa who have cot associ- 
Btcd wiUi Europeans. Some of these facts do not show actual 
•election, but Uiej allow tliat tlio breeding of domestic animals was 
caierolly alUinded to in ancient times, and is now attended to by 
the lowest savages. It would, indeed, have been a strange Ihct, had 
)t keen paid to breeding, for the inhcrilance of good and 

^ lad qualities is so obvious. 

VKoaaeiotu SdaiUon. 
At liio picsmit IJmo, eminent breeders try by methodical selection, 
[ with o distinct object in view, to make a new strain 01 sub-breei1, 
I VuperioT to Aything of the kind in the country. But, for our pir- 
I |KiM, a form of Selection, which may b« called Unconscious, and 
I which rcanlta from every one ti-ying to possess and breed from the 
I individnal animals, ia more important. Thus, a mnn who 
I Intends keeping pointcra natncalty tries to get as good dugs as ho 
I can, and olterwards breals from his own best do^e, but he has no 
■ rxpMlation of permanently altering the breed, Ncverlhe- 
Icas we may infer that this process, continued during centuries, 
H'onid iniprora and modify any breed, in the sarae way as Cake- 
woil, Collins, Jto., by this very same process, only earrii'd on more 
nethudicnlly, did greatly modify, oTen during their lifetimes, the 
forms and iiiialitles of their c»tile. Slow and insensible changes of 
J this kind can nover be reei^ised nnless actual measurements or 
l-cnrefol drawings of the breeds in question have been made long ago, 
" " li may acrra for comparison. In somo cases, however, un- 
it bnl little clianged individuals of the same breed cxiEt 
riilMd districts, where the breed has been less improved, 
ilieve that King Charles's spnniel has been un- 
to a lai^cxteut since the time of that monarch. 
Mglity conipelcnt authorities are convinced that the scltor is 
dliictly derived from the spaniel, and has probably been slowly 
It is known that the English pointer lias been 
pnlij chaognl within the hist century, nnil in this case the chau<-e 
J,iH»l)«lii'Ted,lx;encltiiHy effecloii by ntiFsciwith Ihe fi:i\lir,Hnd j 
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but vhnt conccnis u« u^ that the change hu been cflccted nncon- 
Bcianaly acd gradusllf, and jet k> efiectuaUy, that, though tho old 
Spani^ pointer ccrtaialy came from Spnln, Mr. Borron has cot aem, 
as I wn inforraed by kim, nny tuitive doj; in Spaia like our poinicr. 

By a dmilar proceaa of solcction, and by careful training, GngliJih 
rscchoraci have come to surpass in Reetuess and size the pareot 
Arabs, so Uiat the UtUr, by Ihc rcguLiLioDa for the Goodwood Itacvs, 
are Civoiired in tho weights wbicU they carry. Lord Spencer niul 
uihcrs liave shown how the caltia of Engtaod have increaicd in 
weight and In early maturity, compared with Iha stock formerly 
kept in thia country. By comparing the accounts given in varioua 
old trcatiies of the former ond present ttsto of carrier Bod tumbler 
pigeons in Britain, India, and Peraia, we can trace the stages through 
which they have insensibly piVBMd, uvi come to differ to greatly 
from the lock-pigean. 

Youalt gives an excellent illustrstion of the effects ofa course of 
seloclion, which may be considered as uocoDscious, in bo far that the 
breeders could never have expected, o even wished, to produce 
the result which ensDcd — nameky, the production of two distinct 
strains. The two fiocks of Leicester theep kept by4lr. Buckley 
and Mr. Burgas, as Mr. Youatt remarks, " liave be^ purely bred 
from the original ctixk of Mr. BakoweU fcff upwards of fifty yean, 
1'hcre is not a suspicion existing in the mind of aoy one at all 
acquainted nith the subject, that the owner of either of them hna 
deviated in any one instance from tho pure blood of Mr. Bakewell'i 
Dock, and yet the difference between the sheep posGcBaed by these 
two gentlemen is so great that they Imve the appcaruoce of being 
quite different varieties." 

If there exist savages so baiborous as never to Ihink of the inherited 
charscter of the oStpting of their domestic animals, yet any one 
animal particularly useful to them, fur any special purpose, would 
be carefully preserved during Ismincs and other occidenls, to which 
savages are so liable, and such choice animals would thus generally 
leave more oQspring than the inferior ones ; so that in this cus 
tbore would he a kind of nnconscions ecleclion going on. Vie sod 
the value set on aitimals even by the borboriauB of I'iemk del Fucgo, 
Uy tlieir killing and devouring their old women, in limes of dearlli, 
as of less value than their dogs. 

In plants the tome gradual process of improvement, Ihrongh tho 
i<c«iuioo«l preservation of tho best individuals, whether oc not 
sufficiently diatinct to be ranked at their first ap[«anuic« as distinct 
vaticUca, and whether or not two or more species or races li»v« 
bfcomo blenilvil logolhcr by crossinf, may plainly Ite i-ocigniMil il 
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the iacratcnl sixa and beauty wbicb 'nm now sec in tho Titrictii-a of 
tbs heartsease, rOEC, pelargoniam, dahlia, and other planta, when 
^'Compttrol with the older varieties or with tbeit parcnt-Btocks. h'o 
Coe woiiiil ever expect to get ft fiiBt-rate hearsnise or dahlia from 
Iho Bced of ft wild plant, Ko one would expect to miss a Crst-mtc 
aielting pcaj from the Ked of the wild pear, though he migtit 
■ucceeJ from a poor seedling growing wild, if it had como from ti 
forden-itock. Tha pear, though cultivated in classicsl tiniee, 
■ppcori, from Pliny's description, to have been a fruit of very 
i- inferior quality. I h»vo seen great Burprisa cxpicsBcd in horti- 
cultiunl workt at the wondcrrul ekill of gardcncn, in having prO' 
diiccd Mich aptendld resulta from Buch poor muteriala ; but the nit 
has been nmple, and, u far as tlie final result is concerned, has 
hecQ followed almOEt uncocBciously. It has eonsisled ia atnnyit 
culdvnling the beet known Tariety, sowing ita seeds, and, when a 
•lightly bettor variety chancod to appeor, selecting it, and so on- 
wanU. But the gardeners of the classical period, who cultivatrd 
the best pears which they coulil proaire, never thonght whiil 
K[4Bidid Ihtit wo should eat ; though we owe our ciccllcDt friill, 
small degree, to their hairing nalumlly chosen and preserved 
Uic bait varieties they could any vhero find. 

A brge tUDonnt of change, thus slowly aud vneonsciouely ae- 
cmnalal«d, cipUioB, as I hcUere, the wgU-Ildowd fact, that in n 
atunbrr of cases we canoot recognise, and therefore do not kuov, 
llie wild paient-itocks of the plants which have been longest culti- 
vated in cnti Qower and kitchen gardens. If it has taJcen centuries 
or thouaandsof yean to improve or modify most of our iilnnis tip to 
their present slMidaid of usofulness to mnti, wo can understand how 
it is that nnlher Auttralia, the Cape of Good Hope, nor any other 
ttgtoa InhftMtfd bj ijuite uncivilised man, has afforded us a siufilo 
worth culture. It it not that these cotmtrics, so rich in ipeeii:s, 
t by ft strange chance possess the aboriginsl stock* of any iik<^- 
•ttts, Imt that the native plants have not been improved I'V 
selection up to a standard of perfection comparable with 
that ftotulred by tlw jiUnts in countries anciently civilised. 

In ivgard to the domestic animals kept by UDcivilisai man, it 
overhxked that they olmoat always have to Elruggle 
■fcr thtdr own food, at least during certain seasons. And in two 
ilriaa very differently circumstanced, individuals of the same 
having slightly different constitutions or structure, would 
Mcenod better in the one country thitn in Iho other ; and thus 
f" natural seleetion," as will herwifter be more fully 
I, two sub-hteeiin mi^bl he formed. ThL", porhapa, p»rtly 
.1 
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eipIainR why the varieties hupt by aiiTiiges, nB has been remnrlifd 
by some authors, hsTe more or the character of Inio ipedcs than lbs 
varintica kept io civilijed couDtrlca. 

Oa the view bere given of the important port vrhich selection bj 
nan has played, it becomoa at once obviouB, hnw it ia (hat bui 
domeBtic races show adaptation in their Binicturo or in their hnbiia 
10 nuin'a wauta or faiici<4. We c&n, 1 think, further undrnitand tho 
frequently abnormal character of our domestic races, and likewise 
itieir diSerencei bdng so great in eitcroaJ characters, and relatively 
so slight ia internal parts or organs. Uan can hardly select, or 
only witb much difficulty, any deviation of structuro eiccptlng such 
as is externally visible ) and indeed he rarely cares for wbst is 
intcrDsi. He can never act by stlcctioo, excepting on vartatioua 
which are first given to bim in aome slight d^rce by nature. Vo 
man would ever try to make a lontoil till he san a pigeon with 
a, tail devoloprd in some slight degree in an unusnal manner, or a 
pouter till he taw a pigeon with ft crop of somewhat unusual size ; 
and tlie more abnormal or unusual any character was when it Arst 
appeared, the more likely it would be to catch his attention. But 
lo use such an expression as trying to make a fantail, is, I have no 
doubt, in most cases, utterly incorrect, Tbe nan who first selected 
a pgDon with a slightly larger tail, never dreamed what the descend- 
ants of thai pigooD would become throu^ long-oonlinucd, partly 
iiDCOUBcioim aiid piirtly methodical, teleation. Perhaps the poront- 
bird of all foDlaiU hnd only rourleen tail-feathers somewhat eipaodod, 
like the present Javafanlail.or like individual! of other and distinct 
breeds, in which as many as seventeen tail-feathers have been 
coanted. Perlupa the first pouter-pigeon did not inikle its crop 
much mere than the tarbit now does the tipper part of its osu- 
phagns, — a habit which ia disregarded by all lanciers, as it ia not 
one of the points of the breed. 

Nor let it be thought thai some grmt deviation of struetare 
would be necessary to catch the fancier's eye : ho perceives ex- 
tremely small diScrences, and it is in human nature ta value any 
novelty, however slight, in one's own possession. Kor must the 
valua which would formerly have been set on any slight dilTerences 
in the individuals of the same species, bo judged of by the value 
which is now set on them, after scveiat breeds have fairly been 
established. It is knoivn that with pigeons rosny slight variations 
now occasionally appear, bnl these are rejected as faults or devia- 
tiont from the standard of perfection in each breed. 
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fleeting of cliaractcn, li^vo lately been c\liibilcJ as tiie(iDcl at our 
pjj lUj-chowa. 

These view* appour (o explain what liaa sometimes been noiiccd 
— naioelj', that we koon' hardly UDjthing about the oriitin or hialory 
uf uiy of OQT domeetio breeds. Sut, in fact, a breed, like a diftioeL 
u( a Uognage, caa bardly be siiid to have a distinct origin. A mai^ 
pnsorve* and breeds from an individual nitb some slight deviation 
«ritiacliiie, m takes mora care than usual in matching his best 
animals, and thus improves them, and the improved animnU shnvly 
spread in the immediate neighbourhood. But they will as ]-ct 
lianUy have a distinct nunc, and from bein; only slightly valued, 
their histcry will have been disi'egarded. 'Wlion fuither improved 
by the t»3a« slow and gradual process, they will sprend more widely, 
and trill be recognised ai something distinct and valuable, and will 
llien probably first teccive a provincial name. In semi-civilised 
counlriea, with little free communication, the spreading of a new 
tnh-broed would be a slow process. As soon as tbe points of value 
nre once ackuowledgid, the principle, as I haie callod it, of nu- 
ooQscioDB selection will always tend, — perhaps more at one perica 
than at Bnolhcr,aa tbe breed rises or falls in fashion, — perbapK nioiu 
In one strict than in another, according to the stale of civilisation 
of the inhabitants, — ilowlj to Rdd lo tbe chaiacleristic features of 
the bncd, whatever they may bo. But the chance will bo InBnjIely 
atnall of any lecord hating been prescricd of such slow, varying, 
o&d inMonUft changes. 

C^rntrndanca/avotiraUe to Man's Powir of BcltcHon. 
I will now say a few words on the circumstanci^s, favourable, or 
ho reverse, to man's power of selection. A high degree of vari- 
I abilitf is obviously favourable, as freely giving the materials for 
1 solsctioD to work on; not that mere individual dlflerenccs are noi 
amply snfficicnt, with extreme care, to allow of the nccumnlalion 
of a large amount of modification in almost any desired direction. 
Ihit 01 variations msmfeslly useful or pleasing to man appear 
I only ooouioDslly, the chance of their Hj>peBnince will bo much 
1 Incmscd by a large number of individuals beinj; kept. Ecnce, 
r nambrr is of the highest importance for sncocBi. On this principle 
F Viniiall formerly remarked, with respect to the sbctp of parts of 
Yctfkkhlre, " as they gcnemlly belong to poor people, and are mostly 
LD tmail loti, tlicy never can be improved," On the other hand, 
nnrwrymeu. from keejiing large slocks of the same plant, are gener- 
ally Ear more successful tbsn smatenri In raising new aud valuabLn 
ntiitit*. A larga nnmtwr of individuals of an aniii^al or plant t»u 
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bo reared only whero the conditions for ils pro|ngiiti(m arc favoor- 
able. WhcD tho iDdividuals nru iicanty.nll will bo nllowed to breed, 
whntover their quality oiny l>o, and lliia will effectually prtTCW 
selcctioB. But probably tbe most importnnt element u that tlit> 
nuiQial or plant should be lo highly vnltied by tnnn, that tlio ctnitost I 
nitentioD is p«id to oven the Bli;;htGst devlatioiia in iXt qoalltics or I 
Btructaia. Unless such alicntion be paid notUing con bo elTcctMl, 

I have seen it gravely remarked, that it was most fortunala that 
iho strawberry bcgna lo vary just when gardcncra began lo attend 
lo this plaut. Ko djubt the slrawbcny had always varinl since 

II wa.1 cultivated, but tbe slight varieties bad been negloctod. As 
won, liowover, ta t;an]eDers picked out individtml plants with 
slij^htly larger, earlier, or better &uit, and raised sciodlin^ Trom 
Ihcm, and again irickcd out th« best seedlings and bred from them, 
then (with some aid by crossing distinct species) those many 
admimbla varieties of Uie strawberry were rais«d whidi hare ap- 
peared during tho Inst half-century. 

With animals, fncility in preventing crosses is an inipurlant 
clement id Iho foramtiun of new races, — nt least, in & country 
which is already stocked with other races. In tliis respect en- 
closure of ihfl land plays a part. Wandering savages or tho in- 
habitants of open plains rarely possess more than one breed of tbo 
same species. Pigeons can be malcd foe life, and this is a great 
convenience to Iho bncicr, for thus roaoy races may be improved 
and kept true, though mingled in the same avisry ; and this cir- 
cumstance must have lar};ely favoured the formation of new breeds. 
Pigeons, I may add, can be prtipa^atod in great numbers and at a 
very quick rale, and inferior birds may be freely rejected, as when 
killed they serve for food. On tho other hand, cats, from their 
nocturnal rambling habits, cannot be easily malched, and, although 
so mnch valued by women and children, we rarely see a distinct 
breed Ion; kept op ; snch breeds as we do sometimes see are almost 
always imported from eonio other country. Although I do not 
dotibt that some domestic. animals vary less than others, yet tlio 
rarity or absence of distinct breeds ef the cat, tho donkey, peacock, 
"ooso, &c., may be attributed in main port to selection not having 
lieen brought into play : in cats, from the diCBculty tn pairing them ; 
ia donkeys, from only % few being keitt by poor people, and little 
attention paid to their breeding; for recently in certain parts of 
Spaio and of the United Stales this animal has been surprisingly 
modified and improved by careful selection : in {leacocbs, l>om not 
being very easily reared and a Lirge slock not kept: in geese^ ton 
bebj rnliialilfl only for livo purposes, food and fmlhers, and « 
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tspedoil/fram no pleasure haricg been felt in the display of diflicct 
breeds ; but the gpdse, under ihe conditloDs to which it ia expoEcJ 
wb«D dt>mesticated, seoma \a have a ettigitliirly inllciiblo orgmiiaa- 
tiou, thoDgh it baa vuied to n slight oxtetit, tu 1 have clwwbcru 
described. 

Bono Bothora have maiotaiTied that the amount of variation in 
OUT domestic productionji is soou reached, and can never aftcrwnrila 
be eiceedtid. It would be tomowhat rasb to assert that the limit 
boa been attained ia vay one case \ for almost all onr animals and 
plant* hftvo been Brentlj impnoved in many ivays witbin a recent 
pvriod ; and this implies variation. It would bo equally rash tn 
aiiacrt tliat cbomctcrs now increased to their ntmost limit, cnnid 
not, aftor remaining fixed for many centuries, again vary under 
ncH' conditions of life. No doubt, as Mr. Wallace has rnmarkcd 
with much tratli, a limit will be at lust reached. For iostaucc, 
there miuit be a limit to the flectness of any teneatrial aninnl, as 
tins will be determined by the friction to be orcrMme, the weight 
o[ body to be carried, and the power of coQtniction in the muscular 
fibrca. But what concerns us is that the domestic varieties of tlie 
aune species diflur from each other in almost every character, wlijch 
man bos allcnded to and selected, more than do the distinct spcciox 
of the aaxoe genera. Isidore GeoCTroy St. Hilatre has proved this in 
regatil to lise, and so it is with colour and probably with the length 
of hair. With respect to flectncss, which dcpeuiU on many bodily 
cbaractcn, Eclipee was far fleeter, and a dray-horse is incomparably 
stronger than any two natural species belonging to the sarao 
gcuoa. 80 with plant*, the seeds of the different varieties of tlio 
bi-aii or moiza probably diSer more in size, than do the seeds of 
the distinct spitles in any one genos in the same two families. 
'Hio same remark holds good in regard to the fruit of the aevnral 
Yaristic* of the plum, and still more strongly with Uio melon, nx 
well B> in many other auali^ons cases. 

To sum up on the origin of our domestic races of acimaU ai:>l 
plants Changed conditions of life are of the iiighest importance in 
laiisin^ variability, both by acting directly on the orgaoiaation, niid 
indirectly by aflecting the reprodoctive system. It is not probable 
that variability ia an inherent and ntccssary contingent, under all 
drciusstoncea. The greater or less force of inheritaDce and revcr- 
(ion delwmine whether variations aluill enduro. Variability is 
^vemed by many unknown laws, of which corrcialcd growth is 
Itrobably the most important. Something, but bow much-wu do 
not know, may be attributed to the dnfioite action of the conditions 
of lib. Somp, )wrb.ipK » ^niil. oDccL may )<e altributcd lo tlie 
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increased use or disuse of parts. The final result is thus rendered 
infinitely complex. In some cases the intercrossing of aboriginally 
distinct species appears to have played an important part in the 
origin of our breeds. When several breeds have once been formed 
in any country, their occasional intercrossing, with the aid of selec- 
tion, has, no doubt, largely aided in the formation of new sub- 
breeds ; but the importance of crossing has been much exaggerated, 
both in regard to animals and to those plants which are pro- 
pagated by seed. With plants which are temporarily j^opa^ted 
by cuttings, buds, &c, the importance of crossing is immense ; for 
the cultivator may here disr^ard the extreme variability both of 
hybrids and of mongrels, and the sterility of hybrids ; but plants 
not propagated by seed are of little importance to us, for their 
endurance is only temporary. Over all these causes of Change, the 
accumulative action of Selection, whether applied methodically and 
quickly, or unconsciously and slowly but more efficiently, seems to 
have been the predominant Power. 
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CHAPTER IL 

Variation usidsr Katubr. 

TarUbilitjT — Indiridaal differences — Doubtfal species — Wide ranging, 
much diffused, and common species, rarjr most — Species of the larger 
gentrm in each conntrj Tary more frequently than the species of the 
smaller genera^ Many of the species of the larger genera resemble 
Tariaties in being very closely, but unequally, related to each other, 
and in haTing restricted ranges. 

Before applying the principles arrived at in tho last chapter to 
organic beings in a state of nature, we must briefly discnss whether 
these latter are subject to any variation. To treat this subject 
properly, a long catalogue of dry facts ought to bo given ; but these 
I shall reserve for a futnro work. Nor shall I here discuss the 
various definitions which have been given of the term species. No 
one definition has satisfied all naturalists; yet every naturalist 
knows vaguely what be means when he speaks of a species. 
Generally the term includes the unknown element of a distinct 
act of creation. The tenn ^ variety " is almost equally difficult 
to define ; but here community of descent is almost univer»illy 
implied, though it can rarely be proved. We have also what 
are called monstrosities; but they graduate into varieties. By 
a monstrosity I |xiesume is meant some considerable deviation of 
structure, generally injurious, or not useful to the species. Somo 
authors use the term ^ variation " in a technical sense, as implying 
a modification directly due to the physical conditions of life ; and 
*' variations " in this sense are supposed not to be inherited ; but 
who can say that the dwarfed condition of shells in the brackish 
waters of the Baltic, or dwarfed plants on Alpine summits, or tho 
thicker fur of an animal from far northwards, would not in some 
cases be inherited for at least a few generations ? and in this case I 
presume that the form would be called a variety. 

It may be doubted whether sudden and considerable deviations 
of structure such as we occasionally see in our domestic productions, 
more especially with plants, are ever permanently propagated in a 
state of nature. Almost every part of every organic being is so 
beautifully related to its complex conditions of life that it seems as 
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imprubitbU t!iat anf port sbonld hnve been euddeulj produced 
perfoct, as that a complex naclime skould havo been invented by 
man in a perfect ktute. Under domealication monativsilies eome- 
limes occur which rascmblo normal ■troctures in widely different 
utimal*. Thtu pigs have occaaiocally been bOTnwitli a mrt or 
proboBcii, and if any wild Bpccics of Ibe time genus had nalninlly 
po880S«ed a proboKia, it might bavH bera argued that this Lad 
appeared as a monBtioEity ; but I have as yet Tailed to llnd, arter 
diligent aearch, cases of moustiosiLios resembling conaal ttnicturci 
in nuoily allied forms, and thcso alone bear on the <]Ucstion. If 
monstrous funns of this kind ever da apprair in a state of nature and 
urc capaLiiu of reproduction (which is not always the cose), 9» Ibcy 
occur rurely and singly, tbeir presermlion would depend on 
unusually favourable cireutnataaeca. ITiey would, also, during the 
first and succeeding generations cross with the ordinaiy form, and 
riius their abnormal character would almost inevitably be lost. 
But I shall have to rctom in a future diaptcr to tho preservation . 
and perpetuation of ainglo or occoaioDal variations. I 

Individaid Diftrencn. 
Tho many slight differonocs which a-iprar in tba offspring from 
■ lie same parents, or which it may be presumed have thus arisen, 
from being observed in the individuals of tho same species in- 
habiUng the lamo confined locality, may be called individual 
differences. No one supposes that all tbo individuals of the same 
upecioa are cast in the aame actual mould. These individual 
•Ufftrences are of the highest importance for us, for they are often 
inlierited, as must bo fLimiliar to every one ; and they tbas aObtd 
materials for natural selection to act on and acctmiulnt«, in the 
some manner as man accumnlatei in any given direction iadividnal 
differences in bis dumcstiatled productions. Tbete individual 
differences generally aDect what naiumlisls consider vnimportant 
[arts; but 1 could show by a loi^ olalogue of facts, that parts 
which must be called important, whether viewol under a phyjio- 
logical or claasificatory point of view, sometimes Tory in tho 
individuals of the same spcoies. 1 am convinced that the moat 
expciicnced uatumlist would be si^rprised at the number of tha 
cases of variabiiily, even in important parts of structure, which he 
could collect on good anthorily. as I havo collected, during a coufwi 
"f years. It should be remembered that systemntists are far from t 
being pteaaed at finding Tariability in important characters, and 
that there are not many men who will laboriously eiamine internal ' 
and important organs, and compare them in many ipecinMOl 4f j 
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the ramo species. It would nerer liava Itccn expected thnt Ihn 
branching oi tho main nerves close lo tha great central ganglion of 
•n insect would have been Tarinble in tlio samo species ; it [ni|;bt 
huTo been thonght that changes of this Dstnre coutd hnve b(»ic 
ofTrcted only by slow dejn^es; yet SirJ. Lnbbock has slioivn n 
dcgteo of Tsriabiiity in thcau main nerrea in Caccus, which mny 
ntiDusl be comporod to the irtegolor branching of the Etcm of a trcu. 
'I'Ui* philosophical naturalist, I may add, bos also ihown that the 
mujtcloi in the krvn of certain insects are far from uairorm. , 
ADthon sometimes argno in a cirtla when thi^y state that imporlant 
organs novei vary ; for these same authors practically rank thoso 
parts as importsnt (as some few naturaliitts bava honestly con feased) 
which do not raiy i and, imdoT^this point of view, no instance will 
ever bo foimd of an important part varying ; but under any other 
jKiiDt of TJew many instances aasnrodly can be giren. 

H'berv is one point connected with individual differences, which is 
eitrunelyperpUvng: 1 refer lo thoBo genera wliich have been called 
" protean " or " polymorphic," in which tho species present an inor- 
dinale amount of variation. With respect to many of tbcae fomis, 
hardly two catnnklihts ogroe whether to rank them as species or as 
Tariaiau Wo may inslonoa Rubus, Rosa, and Hicrecium amongst 
pUnta, several genera of insects aod of Brachiopod shells. In most 
pulymorphic genen some of the species have filed and definite 
cl^aincterB. Groer* which are polymorphic in one eoanKy xvm to 
be, with a few eiccplions, polymorphic in other countries, and like- 
nbo, jadgiag from Brachiopod shells, at former periods of time. 
Thcso facta ara very perplexing, for they seem to iJiow that litis 
l^ind of variabiJity is indopendont of the conditions of lifei 1 nni 
iucUn^ to suspect that we see, at least in come of these polymorphic 
genen, varialions which are of do service or diucrrice (o the species, 
and wbidi conseqtiently have not been leixed on and rendered dvlinito 
by natufsl leloction, as hermfter lo b« expluned. 

Individuals of the same speciw often present, as is knon'n lo 
every one, great differences of stractnre, independently of varinlioii, 
as in Um two aexea of various animals, in the two or liiroo castes of 
■h-nla females or workers amongst inaects, and in the immature and 
inTTftI •tat«a of many of the lower animals. Thnra are, also, cases 
tif (limorphisili and trimorphism, both with animals and plnnla. 
Thus, Ur. WaklacA, who has lately called attention to the subject, 
boa abown that tho females cf certain apecies of bultcrflice, in thu 
Ital^raa archipeUgo, regularly appear tinder two or oven thn-o 
caufiaunaly distinot forms, not connects! by intermediate varletink 
Frttt Ualtff has described Biialn;;niiB but more cxtrtinniinary rancs 
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iB bos BtroBg and differently abaped pincera, dad the other 
aiitenQK much more abusdaatly furnished with imcl ling-bain. 
Although ia most of theae cases, the tico or three fonna, both 
nith animals and plants, ore not now connected by inlcnnedjuls 
gradations, it is probable tiuit tlicy wuro onco thus connected. 
ilr, Wallace, for Instance, desCTibca a oertain butterfly which pre- 
sents in the same island a great range of varieties connected by 
intermediate links, and the extreme linka of the chain closely 
resemble tbo two forms of an allied dimorphic species inhabiting 
another part of the Malay archipcla^ Thus also with ants, the 
several workcr-castcs arc generally quite distinct ; but in some casoii, 
as wo shall hereafter see, the castes Sk connected together by finely 
graduated varieties. So it is, as I have myself observed, with aoroo 
ditDor(^c plants. It certainly at Crst appears a highly remarkabls 
fact that Iho same female butteirfly sbonld have the power of pro- 
ducing at the same time three distinct female forms and a male; 
and that an hsrmaphrodito plant should pnidnce from the same 
sced-capsulo three distinct hermaphrodite forms, bearing three 
diflercnt btnda of females and three or even six different kinds 
of males. Nevertheless these cases are only ex^gerations of the 
u fact that the female produces offspring of two sexes which 
!S differ from cnch other in a wonderful manner. 
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The forms which possess in some consideraVIo degree the ch;v< 
racter of species, but which are so closely similar to other forms, or 
are so closely linked to them by intermediate gradations, that 
naturalists do not like to rank them as distinct species, ore in 
several respects tho most important for ns. We have evcrf 
reason to believe that many of these doubtful and closely allied 
forms have permanently retained their chamcters for a long 
lime ; for as long, sa far as ne know, as have good and trno 
species. Practically, when a natnmtist can unite by means of 
inlcnucdinl4 links any two forms, he treats the one as a variety 
of the other ; ranking the most common, but sometimes the one 
first described, as the species, and the other as the variety. 
But cases of groat difGculty, which I will not hCTo cnnmermtc, 
fwtnetimea arise in deciding whether or not to rank odd foim as a 
variflly of another, even vrhcn tbey are olosely connected by inter- 
iiediato linka i oor will tho crnnmonly-asmmed Uybriil natura of 
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tUe iutcnnoliatc Tonns nlwajg removo tbe difficulty. In Tcry manj 
UHia, bowBTcr, ons funa is nLnked as a voriet;^ of anolbcT, not 
bcntOH Uio iDtermediata links Lave actually beou founi], but 
beccaso oualogj lotula the obserrer to suppoM eitbsr that thry do 
DOW somewhere exist, oc ma; formerly bivo existed ; aod hero n 
.ivide door for tbe entry of doubt and conjoctnre is opcced. 

Hence, ia determimng whether a form sltoulil be rorikod aa a 
species or & variety, the opioioo of nstuialistii having sound jiidg' 
loeot and wide experience seems the only guide to'foUow. '\Vu 
must, however, ia maay cases, decide by a majority of uatumliftn, 
for few wcU-mitrkcd nnd tvcU-kIlo\^^ varietici caq bo named whicli 
havi not been nuikod as species by at least some competcQt 
judge* 

That wrietica of this doubtful nnturo arc far from uncommon 
auuMt bo dinpute^ Compnro the seveml fiaras of Groat Britain, of 
Fnuce, or of the United titates, drawn up by dlfTcrcnt botanists, 
Biul we what a surprising number of forma have been ranked by 
•yaa hotaatst as good species, and by Buotbcr as mere Torietics. 
Ur. U. C Watson, to whom I lie under deep obligation for assistance 
9f all kinds, has marked for me 182 British plants, which nrc 
^cocnlly considered as varieties, but which have all been rankcil 
by botanists as species; and in making this list be has omitt«l 
many tricing varieties, but which nevertbelcss have been tanked 
by some bot^inigt* as species, and he has entirely omitted several 
highly polymorphic genera. Uudor genera, inclodiog the most 
polymorpbio forms, Mr. Ilabingtoa gives 251 species, wliercaa 
Mr. Btnthnm gives only 112,— a difference of 139 doubtful forms I 
Amongst onlmnls which unite for each birth, and which ore highly 
locomotiro, doultful forms, ranked by one zooloKist as a species imd 
by oootiier as a variuty, coa rarely bo found within the same 
countrXi ^' "'^ common in separated areas. How many of the 
birds sod insects in North Amcricti and Europe^ which differ 
veiy lightly from eoch otbcr, have been ranked by one eminent 
natmaUit b» undoubted ■['eciea, and by another as varieties, or, ns 
Vati are often colled, geographical races! Mr. Wallace, in several 
valuablo papen on tlio various aiitmaU, especially on the Lcpi- 
ilopleii, inhabiting the islaods of tbe great Mntajaa arcbipelsgo, 
•hQ«* that they may be clawed under four heads, namely, as vari- 
able forns, u local forms, as gooKraphical mcos or sub-epecies, and 
at true rcprasontatiTe species. The first ur variable forms vary 
nnch within the limits of the soma island, llie local forms 
tra tjodoralcly constant and distinct in each sofarate island; but 
wten oil from the several islands are comparvl together, tlie dlf- 
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rarencei are seen to to bo alight and Eradnated, that it ii impossibli 
to defins or discribo them, tbout;h at the Batne time the exircmi 
fonni nro infficivntly distinct. Tho gengraphicsl mccs or aub-spKic! 
an local funiia corapletelj' fixed ntid isokted ; but as the? do 
differ from each other by strongly marked and important chanictcrt, 
" there is no possible test hut individual opinion to determin^ 
which of them shall he considered as species and whicli as 
Lastly, represent&Civo species fill Ibo samo place in. tho natnral] 
economy of each island as do the local forma and sub-apcci 
as they are distinguished from each other by a greater Bmount 
difference than that belwPen the local forms and aub-spccice, tbfl] 
arc almost noivcrsally ranked by Dataralists as true species. Nam'- 
thclesi, no certain ciitodon can possibly be given by which Tariabls ' 
forma, local fonns, Bob-»iieciea, and representative species cnn be 
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Uany yearn ago, nhcn comparing, and seeing others compare, Ibc 
birds Cram the ctoscly neighbouring iilnndn of tho Qatapagoa archi- 
peisgo, one with BQOtLer, and with those from tho AracricM main- 
land, I waa much struck liow entirely rague and arbitrary Is the 
distinction between species and variotics. On the islets of the 
liUlo Madeira group there ore many insocts which ore cbarac- 
terizcd as varieliea in Mr, Wollaston's admirable work, but 
which woold certainly bo ranked as distinct apccies by rnany 
entomologists. Even Ireland has a few animals, now gcnemlly 
ri^jardod as varictiea, but which have been ranked as species 
by some sootogiats. Several experienced omitholoi^sts conjiidcr 
uur British red grouse as only a strongly-marked raca of a 
Norwegian ipcctes, whereas tho greater number rank it at ati 
undoubted apecies peculiar to Great Britain. A wida dislaneo 
between the homes of two doubtful forms leads many naturalists to 
rnuk them as distinct species ; but wbat distance, it has been well 
asked, will suffice; if that between Amcric* and Europe ii ample, 
will that between Europe and the Azores, or Madcim, or Ihe 
Cttuaries, or between the several ialits of theso small orchipelss™, 
bo sufficient 7 

Hr. B. D. Waleb, a distingnisbcd entomologist of the Tliiited 
SUtei, has described what ba calls Pbytophsgic varieties and Phy- 
topbagic species. Host vegetable-feeding Insects live on one kind 
of plant or on one group of plants ; some feed indiscriminately on 
many kinds, but do not in consequence vary. In several cases, 
however, insects found living on diflerent plants, have been observed 
by ill. Walsh to present in their larval or mntuiv slate, or in both 
■tates sliglit, ibongh constant difleronns in coionr, siio, or in ilir 
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natuio of their sccrctiong. In soma instanccB the tnalcs alone, in 
uLiicr iiistaaccB both malci anil females, have bcbu observed ihus 
to iiSet in % slight Aeffee. When the dllTereaccH are ralher moru 
itroDgly marked, and when both aeios and all ages are alTectcd, iliu 
ionni are ranked by all entoniali^stB as good speciea. Bitt no 
()b»crvor can detennine for another, even if be ovn do eo for himself, 
wbicb of these Fbytophagic forma ouglit to be called a^iocics ntiil 
which vorietid. Ur. Walsh lanka Iho foniii wbich it may bo 
suppwod would freely ietcrcroai, as varieties; and those wbich 
Appear to have lost this power, as species. As the dilferences depend 
oil tlie insecla haviog loog f«d on distinct plants, it cannot bo 
expected that intermediate linki connocting the seveial famui should 
now be fottnd. The natiualiat thus loses bia best guide in deter- 
mining whetlior to rank daubtrnl £>rms as Tarietiea or species. This 
likewise neceMarily occurs with closely allied orgnaisms, which 
inhabit distinct continents or islands. When, on the other hanil, 
or plant ranges over Iha same continent, or inhabits many 
laUnds in the lame srcbipelago, and presents ditfcrent fonnii in tlio 
diffenait areas, llicre is always a good chance that intermaiiato 
fonas will be discovered which nill link together the cztremu 
■tatc* ; and tlicso are then degraded to the rank of varieties. 

Some Cew natnraliita mnintsis that animals never present varie- 
ties ; but then iheso tame nntoraUsts rank the slightest differenca 
Hi of B^ific value; and when the sune idunlical form is met willi 
ia two distant countries, oc in two geological formations, they 
believe that two distinct cjiecics am hidden under the Bine dress. 
The term species thus comes to be a mere usQicss abstraction, im- 
plying ud uiDming a separate act of creation. It is certain that 
many fotma, ooDsidercd by highly-cocapetent judges to be varisties, 
tiitcmble apeciu so completely in character, that they have been tlius 
ranked by other highlj-competeDt judges. Bnt to discuss whether 
tliry on^t to bo callol species or varieties, before any definition o( 
ihesa l«rms has been generally accepted, is vainly to best the air. 

Many of the cases of strongly-inarted varieties or doubtful Bpecii'S 
mil doerre consideration ; for several intcicslin^ lines of srgume'if, 
froia Rsosmpfaical distribution, analogical variation, hybridism, &c . 
havq beea bronght to bear in the attempt to determine their nnk ; 
l«t spaoo does not here permit mo to discuss them. Close invest!- 
9tion, la many cases, will no doubt bring naturalists lo agreo Hom- 
U ruk donbtful forms. Yet it most be confessed that it is in the 
best known counlrioa that wo find the greatest number of tliem, 
I Lave bean struck with the (act, that if any animnl or jilnnt in :\ 
fit oatttre bo hislily nwful lo inan, or froni any cniun closely 
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attncU hk kttontian, nrietice of it will almost umveraally be 
found weorded, Toete varietieB, moreover, will ollan be ranked by 
Borae authors ai species. Look nt the cammoa oak, how cloaely it 
\aa been studied ; yet a German antbor makes niaro than a dozen 
species out of forms, which an almost universally considered by 
other botanists to be varieties ; and in this country Iba highest 
liolanical authorities and practical men can be quoted to show that 
tLe sCssile and pedunculated oaks are either good and distinct speciet 
oc mere varieUoa. 

I may here allude to a remarkable memoir lately published bj 
A. do Candollo, on the oaks of the whole world. Ko one ever had 
mora ample materials for the diacrimination of the species, or ooold 
have worked on them with more zeal and sagacity. He first gives 
in detail all the many points of strocture which vary in the aevetat 
species, and estimaloa numerioUly tha rclativo frequency of the 
variations. He spedScs above a dosen characters which may bo 
found varying eveu <hi the same branch, sometimes nocorditig tii 
n^e or dcretopmcnt, sometimes without any assigiuibto reason. 
Such characters are not of course of specific vslao, but tbcy arc, as 
Asa Gray hss remarkod iu commentiug on this memoir, such m 
generally enter into specific de6uitions. Do Candollo then goes on 
to say that he gives the rank of species to the forms that dilTer by 
characters novcr varying on the same tree, and never luund con- 
nected by intermediate states. After this discussion, the result of 
no much labour, he empbationlly remarks: "They are mistaken, 
who repeat that the greater [art of our species are clearly limited, 
and that the doubtful species are In a fe«blo minority. Thiii seemed 
to bo tnic, so long as a genos was imperfectly known, and its species 
were founded upon a few specimens, that is to say, were provisionsLj 
JiLSt as we come to know them better, intermediate forms flow I 
sad doubts as to specific limits augment." He also adds that it 
the best known species which present the greatest ntmiber of 
tanoous varieties and sub- varieties. Thus Quercus robnr has twenty- 
eight varieties, all of which, eicepting six, are clustered round Ihm; 
sub-spedea, namely, Q. peduDCulata, BessiliHora, and pubesocnK 
The fortos wliich connect these three subspecies are oompaiatively 
rare ; and, as Asa Gray again remarks, if these connecting torm*, 
which ore now rare, were to become wholly exUnct, tho three sub- 
species would hold exactly the same relation to each other, as do 
the font or five provistonally admittol species which closely snr- 
rauod the typical Querciu robnr. Finally, Do CandoUe admils 
Ihat oni of the 300 spocies, which will be enumerated in his I'ro- 
iromus aa btlong'ng to the cak family, nt loust Iwo-tliirds V* 
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pnvlrioiMl (peaiea, Ihat ia, arn not beown Btrictly lo fulfil tho deli' 
iiition above eivoQ o( *■ true ipvciis. It eliould be sddcd that De 
CMidulIe DO longer boUcrfa that species are immutable orrntioiM, but 
coDclndta tbat the derivstiye tbcoiy is the most natnnl one, " and 
the iDOit Bcoordant with the known facta ia paLasontology, geo- 
graphical botany and zoology, of anatomical strucluro Bud classifi' 

When a youns natonJist commccces the study of a group of 
or^oisuui quite unkiioiln to him, ha is at firpt much perplexed in 
det<inniiung what diCTcrcnces to consider u specific, aud what ns 
rarivtal ; fur be knows nothing of the amount and kind of Tiuiation 
to which tha group is subject ; and this shows, at least, how very 
(^onnaliy there is some variation. But if be confine hia allODljan 
(o one ebsi within one country, he will soon make itp his mind 
how to rank moat of the douhlful fonns. His general tendency 
will be to rooka many species, for ho will become impreseed, just 
like the pigeon or poulliy fancier before alluded to, with the smoont 
of difference in the forms which be is oontiuually studying; and 
bo luia little general knowledge of analogical variation in other 
groupi and Id other coontries, by which to correct his first impres- 
siont. As be Qxtcnda the range of his observations, ha will meet 
with more cases of difficulty; for be will encounter a greater 
number of closely-allied fonns. But if his obsorvntiona be widely 
extended, he will in the end gencmlly be able to moke up his own 
mind ; but he will succeed in this at the expense of admitting much 
variatioo,— and the truth of this admission will often be disputed 
by other naturalists. When ho comes to study allied forma brought 
from conntrios cot now continuous, in which case he cannot hope 
lo Sod intermediute links, ho will be compelled to trust almost 
entirely to analogy, and his difBcutties will rise to a climax. 

OcTlainly no clear line of demarcation has as yet been drawn 
between apoeles and sub-species — that is, tho forms which in tho 
opinion of some naturalists come rcty near to, but do not qniio 
arrive at, the rank of species : or, again, between sub-spcciea and 
well-marked varieties, or botiveea lamer varieties and individnal dif- 
iateet*. These dilTcrencr* htend into each other by on insensilili? 
mHm! and n aerie* ImpreMis the mind with the idea of an actual 

W 1 look at individual dilTercnces. though of small intercsl lo 

aatist, as of the highest importance for ns, as being tiio 

k towards such alight varieties as are barely thought worth 

1 works on natural hUlory. And I look nt varietiei 

■ in any degree more distinct and permanmt u Me|« 
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towania more strongly-marked snd permanent varieties ; and at tHa 
Inltcr, as leadmg lo «ub-epecies, and then to species, llio pnaraga 
from one stage of diOcrcncc to another taaj, va many discs, be tbe 
simple result of tho nature of the orgaaiiim and of the different 
pbfaical conditions to which it has long been exposed ; but with 
respect to the mora important and adaptire characters, the pasaiige 
fnim one stage of difference to another, may be safely attribnled lo 
tho cnmoktlTe action of natnnd selection, hcrcaflcr to be explained, 
and lo tho effects of tho increaaed use or disuse of parta. A well- 
marked Tariel; may thetefore be called an incipient speclea; but 
whether thig belief ia justiflablo must bo judged by the weight 
of tbe various facts and considerations to be given thronghont Uifs 

It need not be supposed that all Tariotics or incipient specie* 
attain tlio rank of apccica. They may become eitinct, or Ibcy may 
cndnre ns varieties for very long periods, as has been ahown 
the case by Mr. Wollaston witli the varieties of certain fossil land» 
shells in Uadeira, and with plants by Gaston do Saparta. If 
variety were to floaruh so as to exceed in nnmbcrs tbe parent 
species, it would them rank as the Epeolrs, and the species 
variety; or it might coma to supplant and eiterminato Iho parent 
species; or both might co-exist, snd both rank as independent 
apocies. But we shall hereafter return lo this subject. 

From these remarks it will ba seen that I look at the t«rm sprciea 
as one arbitmrily given, for the sake of convenience, to a se 
individuals closely resembling each other, and that it does 
essentially diffor from the term variety, which is given to 
disljnct and more finctualing foima. The term variety, again, ill 
comparison with mere individual differences, ia also applied arbi^ 
(rarily, for convenience' sake. 

Widb-ran^ng, murh-diffiued, and rommon Bpctiet vary most. 
Guided by theoretical considerations, I thought that some i 
teresttng results might be obtained in rc^rd to the nature and 
rolntious of the species wbiub vary most, by tobuhting all iha 
I'srieties in several well-worked fioras. At Bist this sceiueil a 
simple task; but Ur. H. C. Watson, to whom I am much indebl^^ 
for valuable advice and assistance on this subject, soon convinced 
me that there were many difficulties, as did subscquenUy Di^ 
Hooker, even in stroDger terms. I shall reaervo for a future wutk 
the discussion of these diffictiltiei, and the tables of the propartiona] 
number! of the varying species. Dr. Hooker permits ma to add, 
that after liavin<; carefully rend my mnnuvript, and examined tb« 
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I bblei, he thinks that the following statemrata arc fairly well csln- 

I Uished. Tha whole nibjcot, hovcTsr, treated as it neccsBAiilj here 

^ b with nracb brevity, is rather porpleiing, and alliiBions cannot bo 

BToidcd to the " itrHjTgle for existence," " divergence of chantcler," 

uul other questions, hereafter to ba discDiscd. 

AlpboQM de CandoUe xoA others have shown that plants whtcli 
Lave very wide ruiges generally present varieties ; and this mi^lit 
iuiro bow expected, as they are eipoaod to diverse physical condi- 
tions, and as they come into coropetition (which, as we shall here- 
after see, is an equally or more important circumBtance) with 
different sots of organio beings. But my tables further show that, 
in any limited conntry, the species which ore the most oommon, 
that is abound moct in individuals, aod the species which are most 
widely difliucd within their own country (and this la a dlfTcrcnt 
coDsidatation from wide range, aod to a certain extent from com- 
nionnus), oftenest pve rise to Tarictles sufficiently woll-markcil 
to have been recorded in botanical works. Hence it is tbe most 
flourishing, or, as they may be called, the dominant specien, — those 
which ran~« widely, are the most diSused in their own conntry, und 
■jv the most ncmerons in individnals, — which oFtcnest produce 
woU-mirked TBrictios, or, us I consider (hem, incident species. And 
this, porbaps, migbt have been anticipated; for, aa varieties, in 
order to become in any degree permanent, necessarily have lo 
I •tnigsta with the other irOiabitonta of the country, the species which 
I ar« already dominant will bo the most likely to yield oSsprin^, 
* which, though in lome slight degree modified, stiU inberit thcwu 
advantages that enabled their parents to become domioant over 
their eompatriota. In these remarks on predominance, it should l^u 
nodenrtood that rerercnce Is made only to tbe forms which conic 
Into competition with each other, and more especially to the miin- 
lipn of the same genus or chus having nearly similar habits of life. 
'With respect lo the number of individuals o^commonneta el 
■•[^eciea, the comparison of conrse relates only to tbe nicmbcri 
of til* same group. One of the higher plants may be said to l<u 
ilominnntif it bo nioro namcrous in individiuils and morewide'y 
diOuNil than the other plants of the sjxrao country, which live und"!' 
atotif the same conditions. A plant of this kind is not the Ici.a 
•Innitnant liocanie soma oonferva inhabiting tlie water cr some 
tsuaaitio fbngos is iofinitely more comorous in individoals, and more 
widely diffused. But if the conferva or poraaitio fungna exceeds il« 
alllM (b Iha above respects, it will then ho dominant within its own 
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f^Kcia ^ Wa Larger Oenem in tach Country vary 

f!ian tilt Species ^the EmoRa- Ge-nera. 

If tba i^ants iuhaljitiDg e. country, as deicrtbod ia any FLon, b«t 
divided ioto twa equal maases, all those in the UrgeT goncn (i.t^ 
Iboso iocludiug Diiuij species) bemg placed oq one side, and all 
tUoso in tbo smaller gcneta oa the other side, the former nill be 
(otmd to include a somiinhat larger number ai the Terj common and 
much difTuMid or dominaut species. This aight have been autici- 
p«ted ; for the ta^ro fact of niany speuiea of tho same fcenos inhabit- 
ing anj coDQtry, sliows that there is Bomcthiug in the organic or 
inorganic conditiona of that countr; favoursble to the genus ; and, 
consequently, we might have ex{iecUid to have found in the lai^r 
gcaera, or those iocludiD j many species, a Ur);er proportional number 
of dominant species. But so many causes tend to obscure this 
result, that I am surfirisi-d that my tables shorn avcQ a small majority 
on the lUlo of the larger genera. I will hero alluda to only two 
causes of obscurity. Fresh-nater nnd aalt-loring planti geoctatly 
have very wide ran<^ and are much diffuBed, but this scema to be 
ronnccted with the nature of the statioDs inhabited by them, and 
has littla or no rotation to the sii» of tho genera to which the 
b-pccioa bolung. Again, plants low in tho scale of organisation are 
generally much more widely diffasod than plants higher in the scalu; 
and here again there is no close relation to the size of tho genera. 
Tho caUKO of lowly-organised plants rangii^ widely will ba discusseil 
in our chapter on Geographical Distribution. 

From looking at species as only strongly-marked and well-defined 
varieties, I was led to anticipate that the apecles of tbo larger genera 
in each country would oflinior present varieties, than the specie* ol 
the smaJIer genera ; for wherever many closely related tpeciei (i.i 
species of tbo same genus) have been formed, many Tsrii 
incipient species ou^t, as a general rule, to bo now fi 
Wbcro many brgo trees grow, we expect to find aaplingik WhtmJ 
many species of s genus have been formed tliroogh TuriatJon, 
cumstAnces have been lavQurable for variation 
expect that the circamstancos would generally bo still CiToumble 
to varialion. On the otlicr hand, if we took at each species as a 
ipocitl act of creation, there is no apporrait reason why mure 
varieties should occur in a group having many species, than in one 

To test thj truth of tWs anticipation 1 have arrai^jed tbo plants 
of twelve countries, and the cotcoptcrons insects of tivo districts, into 
two nearly equal mnsse", llie species of the lai; 
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•ide, and those of Uio smnUer gitnera on the otber si'le, nud it hns 
iiivtrialiljr proved to be tiie case that a larger proportion of tho 
i]*«;ie8 on the Bido of the lai^r genera presented Turieties, than on 
(he sl<l« of th« sm&llcr genera. Moreover, the ipcciea of the lar^ic 
genera which present bdj vatietiea, invariably present a larger 
■Teragontimber of Tariottes thin do the species of the smnll geni^i.i. 
Both these results follow when another diFision is made, and wlini 
sJ.1 the least genera, with from onl; one to four species, are ■liogctlur 
excluded from the tables. These fitcts are of pinin signiScation on 
the Tiovt that specie* are only strongly-marked and permanent 
Tarieties ; for whersTer many species of the same genus have brcn 
formed, or where, if WB may uso the eipression, the manufactory of 
species has been active, we ought geneially to find the manufaciury 
still in Ktion, more especially as we havo every reason to bclicrc 
theprootssof mauufacturing ue IT species to be a slow one. Ami 
tliis certainly bolda trae, if ratietioc be looked at as incipient species; 
for my tablta cleaily show as a general role that, wherever mnny 
sprcies of a gecns liave b«a formed, the species of that genus 
jireaent a number of varieties, that ia of inciirient species, beyond 
the average. It is not that all large genera are now varying mccli, 
and an thua increasing in the number of their species, or that no 
■mall genera are now varying and increasing; for if this had lircn 
to, it would hai'o been fatal to my theory ; inasmuch as gcotogj' 
piainly tells us that small genera havo in the lapse of time often 
iiicrMMd grtatly in siio ; and that large genem bavo often come to 
Ilicir maxima, declined, and disappeared. All that we want to show 
ij, that, where many species of a peniis have been formed, on an 
«v«Rtgs muy KK still forming ; and this certainly holds good. 

[ JTimy ^ 0\* Rprrie* tndudtd tcitliin tlie lAtrgrr Genera reumhlt 
t'afittit* in being vtry doidy, hul uiitiitialli/, rsUited to rach 
ttSar, a»d tn kavinj retlricted ransei, 

Tken are otber relations between the species of lai^ genera and 

I'thcir reoordfd Tariotias which deserve notice. We have seen thnt 

I time is no lufalhlil* criterion by which to distinguish spenes and 

I ttiill-inarkvd varieties; and when inlcrmtdiate links have not Wn 

I Ibuod bolweca doubtfo! forms, nsluratists are compelled lo come to 

" • dctmiinadon by tha amount of difference between them, jnd'^lni; 

by au«W7 whether or not the amount snflioes to raise one or holli 

ta the i»nk of specie*. Ucnco the amount of diilemico is one vciy 

importenl criterion in sdtling whether tn-o forms should bo rKnknl 

ai ipeelM or v»riotios, Kow Fries hu remarttcd in regard to plnnln, 

twood in regard tn inwcin, th.-it in latge genria the amoimi 
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ofilifferenco between the spociea is often esccodinsly email. I Imva 
eodeavDuced to tost thb numerically b; BVeiages, and, ns fur aa rnj 
imper&ct reaulU go, tbey conSrra the view. I have also conJnilt4id 
tome sagacious and exporiencad obserrcnt, and, after dcUbei 
■hoy coacur in this view. In tijis respect, tberofore, the 
of the larger genera rosemble varieties, more than do the specie! 
the smallor genera. Or the case may be put la aaoihcr wny, 
may be eaiil, tlint in the larger gcucra, in which d number of varie-' 
tics or incipient species greater than the average are now manufuc- 
liiring, many of the species already manuractiired still to a certain 
extent resemble varieties, for they dilfi-r from each other by lers 
limn the usual amount of differcuce. 

Moreover, the species uf the larger genera are related to eacli 
other, in the same manner as the varieties of any one Ei«Gies are 
related to each other. "So naturalist pretends that all Ihs species of 
agcuugare equally diitioct from each other; they may geDeially 
be divided into sub-genera, or eoctioot, or lesser groai». As Friea 
lias well remarked, Uttle groups of species are generally clostetad 
like satellites around other epccies. And what are varieties but 
gtnups of forms, unequally rehited to each other, and clustered round 
certain ftrins — that is, roond their parent-species. Undoubtedly 
there is one most important point of difference between varieties 
and species; namely, that the amount of difference between mrio- 
lies, when compared with each other or with their paronL-speciot, is 
much lusalban that between tbespedesof therameg^enni. Uatwhen 
we come to discuss the principle, as I call it, of Dircrgeneo of 
CharacteT, we shall see how this may bo Mplained, and how 
lessor differences, between varieties tend to increase into the gtval 
differences between species 

There is one other point which is worth 
rally have much reslrictcd mngce : this stalnmeot is indeed 
scarcely more than a truism, for, if a variety were foond to biive ■ 
wider r&nge than that of its supposed pfticnt-specios, their denomi- 
iiiitions would he reversed. But there is reason to believe that the 
sjiecies which are very closely allied to other species, and in so br 
resemble varieties, ollen have much Testriclrd ranges. For instance, 
Kir. U. C. Watson has marked for me in the well-sifted London 
Cntalo;;ue of plants (4th edition) 63 plonta which are therein lankcd 
as specie, but which be considers as so closely allied to other 
Kpccics as to be of doubtful value : these G3 reputed spcclos ntngs 
on an averse over 6*9 of the provinces into which Mr. Walsoo liu 
divided Qreat Britain. Now, in this same Calalo(;;ae, G3 acknow- 
Iftlgcd varieties aco rccurdcil, and these i 
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K'hcreai, the species to which these rarictica belong lanso over 14'3 
[iroiinccs. So that the acknowledged lanetiea have ncaitj the eamc 
restricted avcrn(;c nui^, oi bavo the clcicely allied forms, miirl:(xl 
for me by Mr. Watson as doubtful Kpecies, bat which are ntmost 
imivvrsUl; niiikod by BrilisU bot&nisU as good and true speciea. 

Summa-n/. 

Finally, Viirictios oinnot bo diatinguubed fr js; B]>ecicB, — ficcpt, 
llrst, by the dlicavoTy of intermedials liakicg fcnna; nnd, secondly, 
by a etrziain iodefinite amoout of diOercnce between them ; for two 
(orma, if diffciuig very little, ore generally raolted as varietiea, not- 
irilbstuidJDg th«t tbey canoot bo closely connectod; but the amoont 
vf diifcEreoce eonaidered oeceMary to give to any two forms the rank 
of spuciw cannot be defined. In genera having inore than the average 
Duinber of ipociet in any conntry, the ipociea of these genera have 
mora than the arcrage nnmber of varietiei. In large genera the 
specie* are apt to be closely, bnt uneqnaLly, allied together, forming 
little clusters roond other species. Species very closely alliiid to 
otUi-t species apparently have restricted ranges. In all these rasjiea Is 
tlie species of large genera present a strong analogy with varieties. 
And we can clearly andcrstand these analogies, if species once 
eilAcd na varieties, and thus originated ; whereas, these anulogios 
»ni att«r1y iDexplicabls if species are independent creations. 

\\a have, also, seen that it is the most flourishing or dominant 
Hjicdesof the larger genera within each class which on an aventgo 
} itid the greatest number of varieties ; and varieties, as we shnil 
licTcafto' see, tend to becomo converted into new and distinct 
Kpocics. Ill at the larger genera tend to become larger; and through' 
out natora the fonns of life which arc now dominant tend to become 
still mora dominant by leaving many modiGed and dominant 
ilMcondants. But by steps bereafier lo be oiplained, the larger 
f^nrm abto tend to brcati up into sEnaller genera. And thiui, the 
funns of life throughout the universo bcco:i;e divided into groni-s 
(ubrvdiaate to fouiiK 
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Ill Unricg 3D tutuial aclMtiDn — Tho Ifrm nud id n wlJc itiue—Gcanio- 
trical ratio aC incrensc— RnpiJ iacrcue of nsturaliied aDlmili nnJ 
plunti — Nuture of Ihe check t Id IncrcAtc — Compotltioa uulTCrul — 
KITicLi of climnta — ProloctiDii from tfae Dnmber of IndlvldBiili — 
l^unplci rcUtiont or ill tnimsli und plonU throDghoul nature — 
StragSlt for lir« ni«t itnn betw«D indivldaati and ririitiea of Uw 
HBi* ipKiu: often Hicrt between ipeciei of tbe Hune genui — Tk* 
nlutiou o[ organiiin to orgnnlira the mait imparUat nl'ill reUUaai. 

Uefore entering on the subject of this chapter, I must make ft ftvr 
IircliDiinary roajarks, to show how tho struggle for existence bean 
on Notnnil Solcctiou. It has been seen in the last chapter that 
aiuongsL organic beings in a state of nnture tbcie la Eome inditiJual 
vaiiabilitj: indeed I am not avrara that this has ever been dispulcd. 
J t is immaterial for us wbetber » multitude of doubtful furoiB bo 
called tpeciee or sub-species or varieties ; what raak, for Ijutancc, the 
two or three hundred doubtful forms of British plants are eotllled 
to hold, if tbe existence of any voll-roaiked Taricties bo admitted. 
Uul the mere existence of indiridual Toriabilitj and of some few 
welL-marked varieties, though noceEmj-y as the foundation for the 
work, helps us but little in undcrstaiidiDg how species arise in 
nature. Uow have all those exquisito adaptatious of one part at 
the oiiganisation to another part, and to the conditions of life, and 
of one organic being to another being, been perfected? Wo see 
these beautiful co-adaptations most plainly in the woodpecker and 
the misletoe ; and ouly a little Usa plainly in the humblest pica^tu 
wliicU clings to the hairs of a quadruped or feathers of a biid ; in 
liio structure of tlio beetle uliich dives through the water : in the 
[ilumed seed which is wafted by the gentlest breeze; in short, we 
!<L'e beautiful adaputioos everywhere oud in eveiy part of the 
organic world. 

Again, it may be asked, bow is it that varieties, which I bavo 
called incipient species, bccomo ultimaCety converted into good and 
distinct species, which in most casee obviously diOer &om each 
uiher lar mora than do the varieties of Iba soma species? Uow i 
tliiMe grau|v of spccii^f, n-hich constituto what are called distini 
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U3. and vbich diffor from each other more thno do tlio sppcioa 
he jmno genus, Briao? All tliese tgeuIu, iu no shall more fully 
iu Ibe next chapter, follow from the struggle for life. Owing tu 
■tniggle, Tariationi, howuTer allgbt, aod from whatever cnuse 
Eding, if they bo in any degree profitable to tho individuals ol 
t spcciea, ID their iafinitclf complex rclatioos to other oigauiit 
k'ui^ sod to tbeir physical conditions of life, will tend to the 
ration of such individuala, and will generally be inheiitvd 
e oCTspruig. Tho ofiapring, also, will thua have a better 
5 of smriviag, for, of tho many individuals oC any specie* 
prhicb are periodically bom, but a small number can Burrive. 
I bare called this principle, by which each slight raiiation, if 
Mful, 11 preserred. by tbe temi Katnml Soloction, in order to 
lart its relation to man's power of selection. But the oiprcsaiou 
often Died by Mr. Herbert Spencer of the Survival of the I'iltcst 
ccunitc, and ia sometimes equally convenient. We havo 
Men that man by selection can certainly produce great results, and 
n s<kpt organic beings to hia own uses, through Ibe accumulation 
|»f slight but useful variations, given to him by the hand of Nature. 
' But Katnral Selection, as wa idiaU hereafter see, is a power ioccs- 
anlly ready for action, and b as immeasurably superior to aan'a 
■foble oSiirti, as tho works of Natnre are to those of Art. 

1 now discuaa in ■ little mors detail the itmggle for 
In my future work this mbject will be treated, as it 
-Well de«rvca^ at greater length. 'He older De Candolle nud Lyelt 
tare largely uid philowphicaliy shown that all organic beings are 
■spoaed to Krera competition. In regard to plants, no one has 
Iro-itcd this rabjcct with more spirit and ability than W. Herbert, 
Dean of Manchester, evidently tho result of hia great horticultnml 
Itnowledg^ Nothing is easier than to admit in words tho Inith of 
"• nnlreml straggle for life, or more difficult — at least I have 
ind It to— than constantly to bear this conclusion in mind. Yet 
■ tl b« thorooghly engrained in the mind, the whole economy 
a nature, with «Tery fact on distribution, rarity, abundance, extin^ 
Ion, and yaristion, will bo dimly seen or quite misunderslood. 
■ behold tho foco of nattire bright with gladness, we often sea 
rabundance of food ; wa do not see or we forget, that tho birdu 
ihlch are idly singing round ns mostly livo on insects or seeds, and 
M thus conataotly destroying life ; or we forget how largely these 
>nS«t«», or thoir e^«, ot their nestlings, are destroyed by birda 
nd bcBSta of prey ; we do not always bear in mind, that, Ihongh 
kri may be now suporabonilant, it la not ho at all season* of each 
(conina y«r. 
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37u Tm.i, Striga^efor ExUf^er, tited 
I f!:otild proniiso that I nee Uiia tfim in a li 
seaso including dopeiidvnce of cce being on another, &nd tncludiii 
(whicli is more imporlftat) not only the life of tlie indiTidusI, but 
sQccess in Icarin;; progeny. Two caotDO animals, io a time of 
dcnrtli, may bo truly said to struggle tvith each other which shall 
^t hod and live. But b plaut vu the edge of a desert is Buiil tu. 
fttmggle for lifo against the drought, though more properly it aboi 
lie said to be do[iaudc[it on the moisture. A plant which nuuui 
produces n thouMnd seeds, of which only one on en average 
Io maturity, may be more truly said to stniggie with the plant* of 
the same and other klode nhicb already clothe the ground, 11)0 
iiiisletoe is dependent on the apple and a few other trees, bat con 
only in a far-fctcbcd scoso be said to struggle with these trees, for, 
if too many of these paiautes grow on the same tree, it Unguishes 
and dies. But several seedling raleletoes, growing close together on 
the same Imnch, may more truly be said to struggle with each 
other. As the mislctoe is disseminated by birds, its eii«tenca 
depends on them; and it mnj metaphorically bo said to struggle 
with other fmit-bearing plants, in tempting the birds to devout and 
thus distcmiuate its seeds. In those several senses, which pass into 
each other, I use for convonienco' snko llic general term of Stniggie 
for Eiistcncc. 

(leometria^ Eallo of laenate. J 

A struggle for existence inevitably follows from the high nte %%' 
which all organic beings tend to increase^ Evciy being, whidi 
during its natural lifedme produces several eggs or seeds, must luOer 
destnictioD during wme period of ita lifcv and daring some season 
or occasional year, othenviie, on the principle of geometrical incrcasa, 
its numbers would quickly become so inordinately great that na 
country could support the product. Hence, as more individuals 
are produced than can possibly survive, there must in every cosh 
ho a struggle for eustence, cither one individonl with soother ot 
the BunB spodes, or with the individools of 'distinct specie*, or 
with the physical conditions of life. It is the doctrine of Malthus 
■p[jllcd with manifold force to the whole animal and vc^lable 
kingdoms; fur in this case there can be no artificial increase of food, 
and no prudential restraint from marriage. Although some specie* 
may be now iocreasing, more or less rapidly, in numbers, all cannot 
do tn, tor the world would not bold thi 

'ITicre is no exception lo the rule tlinl every organic bei 
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tAtDrally inoeftwa at lo liigh • tate. that, if not dwtro7ed, thr 
orth nronld «oaa ba coverod b; tho progeoy of a singto pair. Eveu 
iIovr-breodlDg man has doubled in ttTenty-fivo yuan, and at tbit 
tauv io lea* than a tboamnd y«an, thrre would literally not bo 
ttaoding-room for his progeny. LinoieiiB has calcataled thai if an 
annual plant produced only two seeds — and there is □□ plant en 
DBptoductive as this — and their seedliaga next year produced two, 
and 10 on, then in twenty years tliera would be a million plants. 
Tho elephant is reckoned the slowest breeder of all bnokm animalH, 
and I have taken some pains to estimate its probable minimum rats 
of nutiml incrcaxe; it will be safust to assume Ibst :t begim 
breeding when thirty yean old, and goes on breeding till ninely 
yc«r« old, bringing forth six young in the interral, and siurivii^ 
till one hundred jcan old ; if this be so, aftef a period of from 
740 lo 730 years there would be nearly nineteen million elephanLg 
I, dcaoended from the firet pair. 

e haro better evidence on this subject than mere tbeoretlcil 
I, namely, the numerous reconled cases of the astonish- 
Igly rapid ittcraiso of vnrloas animals in a 8tate oi nature, when 
« have b«ea favourable to them during two or three 
Ulowing seasons. Still more striking is the evidence from our 
meaue animals ofntaoy kinds which have run wild in seveiaj 
■ of ihe world ; if the statements of the rate of increase of 
riaw>breedins cattle and horses in South America, and latterly 
in Auitfallo, hod not been well authenticated, they woulil have 
been incndlbl^ So it it with plants; cases could be given of 
lulmdnced i^nti which have beootne common throughout whole 
* ilands In a period ef less than ten years. Several of the pUnts, 
) •« the cudoon and a (all thistle, which are now the com* 
Mt over the wide plains of La Plata, clothing sqatre leagues 
Ji snrlace almost to tlie exclosion of every other plant, have been 
bltoduoed from Europe; and there are pla&t« which now range in 
I I hear from Dr. Faloonw, from Cape Comorin to the 
Bltaalaya, which have been imparted from America since its dis- 
In itich easM, and endless others could be liven, no one 
«, that tii« fertillly of the animals or pUnt« has been sudden ly 
■nd temporarily increosRl In any sensible degree. The obvious 
■apkoMiao is that the oonditions of life have been highly fiTOurabln, 
■ltd that ihore ho* consequently been lea destruction of the old and 
yDunc aod that nearly ail the young have been enabled to bretd. 
lUr nwnwtrical ratio oI increase, tbe result of which never fails td 
t, ^inply eiplslns their eitrsordinarily rapid incrcus 
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In a state of Euture almoxt erery full-gromi plant anuoull^ 
produce Med, and nmoogst aaimals Uiere bib very few tchich do 
not iLimuaHj fair. Beoco we may coofiiiciilly usseit, that all 
plants and aninuils are leudiog Vo increase at a geometrical ratio, — 
that all would rapidiy stoolc every station in which they could any 
how eiiat, — and that this geomotrical tendency to increase tnost be 
checked by destruction at same period oT life. Our familiarity with 
Ihe larger domeatio animala tends, I think, to mislead us: we ses 
no groat destruction Gtlling on them, but wo do not keep in mind 
that thousaads ate annually slaughtered for food, awl Uiat in a state 
of nature an equal number would have somehow to be diapctsed of. 

The only difTorence between orgauiems which annually produca 
eg^ or seeila by Ihe thousand, and those which produce extremely 
few, is, that the slow-breeders would require a few more years to 
people, under favourable oonditions, a whole district, let it be ever 
so large. The condor lays a couple of eggs and the ostrich a score, 
and yd in the same country the condor may be the more nnmeroua 
of the two; the Fulmar petrel lays but one egg, yet it is beliEred 
to be the most numerous bird in ths world. One fly dqxwita 
hundreds of eggs, and another, like the hippobosca, a single one ; 
but this difference does not determino bow many individnals of the 
two species can be supported in a district. A large nnmber of eg^ 
is of some importance to those species which depend on a fluctua- 
ting amount of food, for it allows them rapidly to increase in 
number. But the real importance of a large number of eggs or 
seeds is to make up for much destruction at some period of lifej 
and this period in the great majority of cases is en early one. If 
on animal can in any way protect its own egge or young, a small 
number may be produced, and yet the average stock be ftiily kept 
up ; but if many eggs or young are destroyed, msny must be 
produced, or the species wilt become extinct It would mfficB to 
keep up the full number of a tree, which lived on an arera^ for n 
thousand years, if a single seed were produced once in a thonaand 
7<srs, supposing that this seed were never dealroyed, and could be 
ensured U> germinate in a fitting ptsce. So that, in all cases, the 
average number of any animal or plant depends only indirectly on 
the number of its eggs or seeds. 

In looking at Nature, tt is most DeceaBuy to keep the foregoing 
considerations always in mind — never to forget tluil every single 
organic being may be said to he striving to the utmost to incmsc 
iu numbers ; that esch lives by a struggle at some period of its life; 
that heavy destruction inevitably falls eilber on the young 
during each generation or at recurrent intervals. I.ighli 
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Kk, initiate Uie dcstructioa ever bo liitlc, nml the number of 
B^ species will almost iaslAntanGoiuly inctmuo to nny amount. 

Kaiure qfthi Chtcks to Jncreacc 
a which check the natural Icndoacy of eiicli siiecivs to 
nuMt obsoura. Look at the iiioit vigorous spedos ; liy 
it awiUTOs io nnmben, by bo much will it tend to 
« ttiU further. We koow not esacUy wliat the checks aro 
1 a kingle instAooe. Nor wilt thi« BQrpriaii nny odo nbo 
tie aro on this head, even tu ragnrd to munkiiul, 
jhwineotDparaWybetlec known thanany other (uiinjaL This 
■object of the ohecki to incrcaso has been ably treated by several 
HUthoB, and I bop« in « future work to discuss it at considerable 
leogUi, more eapediklly in regard to the feral animals of South 
America. Here 1 will make only a few remarks, just to recall lo 
the reader's tpiiid eomu of the chief points, Kpga or very young 
aoinialu aeem generally lo luQcr most, but this is not invariably tiio 
cue. With plsQla there is a vast destmctioD of seeds, but, liom 
■ooiB otaacrvatioQs which 1 have made it appears that the siiedlings 
■uffer nioM ttora gennlnDting in ground already thickly stocked 
with other pUnta. Seedlings, also, are destroyed in vast nuntbera 
by Tuioui ioemiea; for instance, on a piece of ground three feet 
long and two wide, di^ and cleared, and where there could be no 
rtmting from other plants, 1 ninrltcd all the aoedlings of our native 
weed* aa they came up, and out of 357 no leu than 1^85, were 
imttofti, dkiefiy by slugs and insecte. If turf which has long been 
mown, and the case would be the tome with tarf closely Uowt«d 
fay quadrupeds, be let to grow, the mote vigorous plants giadaally 
kill the loM rigorous, thotigh fully grown plants ; thus oat ut 
twenty ipocies growing on a little plot of mown turf (three feet by 
H^Hir) niae *(«de* perishod, from the otiier spedes being allowed to 
w up tieely. 

^ Ths amount of food for each species of coarse gives the extrenie 
It to which eacli can increaae; but very frequently it is not the 
iAg food, but the serving as prey lo other animals, which 
s the avenige numbers of a tpccica. Thus, there seems to 
I little doubt that the stock of peruidget, grouse, and hares on 
Eny large estate depends chielly on the destruction of vermin, if 
Bsl un« bead of game were shut during the nest tn-enly years in 
FifgllPi-V and, at the same time, if no vermin were destroyed, there 
wwld, is ail probability, be less gome than nt present, although 
Uof thousaodsofBameanimala arenawannually shot. On 
I olli«r band. In some cases, as with Ihc elephant, nouo a» 
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deitrof«d by beasts of prey ; for even the tiger ia India moet rarely 
dure) to attack a ;uuiig elephant prolectod by ita dam. 

Climato ptaja an important part in delenniDing the average 
numbers of a species, and periodical acosons of extreme cold or 
drooght seem to bo the must elfoctive of all checki. I eslimated 
(chiefly from tbo greatly reduced Dumlxira of nestt id the apring) 
that the winter of lUo4-5 destroyed four-Gftha of the birda in my 
own proundj; and this ia a trcmcndout destruction, when we 
remember that ten per cent, is an eitraordinarily acTere mortality 
from epidemics wjtli man. Th« action of climate seemi at first 
•ight to bo quite independent of the almggle for existence ; but iu 
K far OS climate chiefly ncta in reducing food, it brings on the most 
severe atnigglo between the individuals, whether of the same or uf 
diatinct Bpeciea, which subsist on the same kind of food. Even 
when climate, for instance extreme cold, acts directly, it will be 
the least vigorous individuals, or those which have got least food 
through the advancing winter, which will suffer most. AVhen we 
trnvel from south to north, or fmm a damp region to a dry, we 
invariably see some spocici gradnatly getting rarer and rarer, and 
finally disapi>earing 1 and the change of climate being conspicuous^ 
we are tempted to attributo the whole efl'ect to ill direct action. 
But this is a false view ; ne forgot that each spcdes, even where it 
most abounds, is constantly GuOeriog onorraoua destruction at some 
period of its life, from cnsmies or from competitors for ihe nune 
l^ace and food ; and if these enemies or compotiton be in the least 
d^ree favoured by any slight change of climate, they will increase 
io nnmben ; and as each area ia already fully stcclced with inhalri- 
tanta, the other species miut decrease. When ve travel south- 
ward and see a species decreasing in nnmbera, we may feel aura 
that the cause lies quite as much in other species being favoured, ai 
in this one being hurt. So it ia when we travel northward, but in 
a Bsmewhst lesser degree, for the number of apecios of all kinds, 
and therefore of competitors, decreases northwards ; hence in going 
northwards, or in ascending a mountain, we fat oftener meet with 
stunted forma, due to the diretUy injurious action of climate, than we 
do in proceeding soutbwarda or in descending a mountain. When 
ve reach Iho Arctic regions, or snow-capped aommita, or abaolule 
deacrta, the straggle for life ia almost exclusively with the elements. 

Iliat climate acta in main part indirectly by favourinj; other 
species, we clearly see in the prodigious number of phints which 
in our gardens can perfectly well endure our climate, but whioh 
never become natatalised, for they cannot compete with our ni 
[ilanta nnr n;''i<( destruction by our native 
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■pecirs, owing to highly ftvouniblo circamstoDces, 

icrdiiiatel; in numben \a ft small tmct, cpidetnjcs — at 

leenu gcoorallf to occur nith our game anmials — often 

i hers WB h>re a limiting check indGpondont of ths 

ctTvegla for ti/e. But ereo soma of thesa Bo-cillcd epidemics 

appear to be dna to parasitic worms, whicli have from some cause, 

pOBBiblj in p«H through facility of diffuaion amongst the crowded 

animata, been disproportionally favoured : and hero comes in a soit 

of «trQ(!£le betweeo the parasite and its prey. 

On the otbei hand, in many case*, a largo bCocIc of individunla 
nf the aame apwi«s, relatlTcly to ths numbers of its eneinira, is 
absolutely Deeeiaary for its preservation, llins ire can easily i3tsc 
plenty of com and rapa-scod, &c, in out fielils, because tlio secda 
in great excess compared with the number of birds which feed 
them; nor can the birds, though baring a BupcnibundancQ of 
d at tliis one toason, increase in nambcr proportionally lo the 
npply of seed, as (heir nnmbcis are checked during winter; but 
any ono who has tried, knows how tronblesome it is to get seed 
fruia • ivH wheat or olhei such plante in a garden : I have in tbis 
eiM lost ereiy ungls seed. This view of the necoasity of a Inrgo 
ftock of the nme species for its preservation, expltuns, I believe, 
mnaaiiignlar faota in naluro such as that of very rare plants bcin); 
rnnttinwiii cuUmnely abundant, in the few spots where Ihcy do 
mW; and tiial of aome social plants being social, that is abounding 
la indrridnali^ oran on the extreme verge of their range Por in 
•Dch CMO^ WB imy beliovo, that a plant conld exist only where the 
mnditlona of ita life wore so fikvonmblo that many could exist 
lo^eiher, and Ihoa save the species from utter deitruction. 1 
should add that the good effects of intercrossing, and the ill effects 
tA ckoe intatbrccdin^, no doubt coma into play in many of these 
9B t bat I wilt not bore enlarge on this subject. 

CvrofUB Sdafhnt 1/ aR AnimalM and PlanU (a tadi other fit 

tht Struggle far Exitlencc. 

\ llany CHoa an on record showing bow oomplci and nnexpecicd 

« tlia diGcks and rcbtiuus between organic beings, which have to 

I tegothci in the tame country. 1 will give only a single 

_ . . 1, which, though a simple one, interested mc. In Stafford- 

■Un^ on th« estate of a rehition, where 1 had ample means of 

iatrvtigalkm, them was a Urge and extremely banco hcalh, which 

lad nam basn touched by tlie band of man ; but several hundred 

Ccaclly Iha sama nature li»d been enclosed twenty-Gvo 
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native vojclation of Iho plaoled pirt cf the Loalh was mosl 
remarkable, mora than u general); seen in passing from ono <]uile 
different eoil to aniftber ; not only Iho proportional nainbcri of Ibc 
heath-plnnta were wbot)3r cbai^^ed, but tnelra species of plants (not 
coDnting gruses and carices) flourished in the plantalions, wliieli 
could not be found on the heath. The effect on the insocts muel 
have been Mill (creatcr, for sis inseclivoroua birds were rery 
common in the plantationa, which were not to be seea on the 
heath ; and the heath was frcqnenWd by two or three dislioet 
insectivoroua birds. Here we see how potont has bceo the effect of 
the introduction of a single tre«, nothing whatever elce having been 
done, with the exception of the land having been oncloaed, so that 
cattle could not entvr. But how important aq element enclosure is, 
I plunly saw near Famham, in Surrey. Uere there arc extensive 
lieftths, with » few clumpe of old Scotch firs on the distant bilt- 
tope: within the last tea years largo spaces have been enclosed, 
and self-sown tirs are now ipria^ing up in multitudes, m close 
togethor that all cannot live^ When I ascertained that these 
young trees bad not been town or planted, I was m much sur- 
prised at their numbera that I went to several points of view, 
whence I could cumina hundreds of acres of the noenclosod heath, 
and literally I could not see a single Scotch Gr, except the old 
planted clumps. But on loohing closely between the stems of the 
heath, I found a tnollitude of seedlings and little trees which had 
been perpetually browsed down by the cattle. In one square yard, 
at a point some hundred yards distant from one of the old clamp*, 
I counted thirty-two little trees; and one of thcra, with twenty- 
six rini^B of growth, hod, during many years tried to raise its head 
above the stems of the heath, and had failed. 'So wonder that, as 
soon OS the land was enclosed, it became thickly clothed with 
vigoroualf growing yoQug En. Yet the heath was bo extremely 
barren and so extensive that no one wonid ever have iniagined that 
cattle would have so cloeely and cfTectually searched it for food. 

Hero ym see that cattle absolutely determine the existence of 
the Scotch fir; but in severslpoitsof the world inseclj determine the 
existence of cattle^ Fcrhapa Paraguay oBers the moat curious 
iuilance of this ; for hero neither cattle hot horses nor do^ have 
trer run wild, though they swarm southward aod norlhwwd in a 
feral atale ; and Asara and Rengger have shown that this is caiuol 
" by the greater number in Par^uay of a ceitaio fly, which lays its 
I ID the Davels of these aniniats when first born. The increase 
hen fiiea, nnmeroQi aa they are, must be habitually checked \lf 
e Toeans, probably by other pnrasitic insects. Hence, if certain 
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iosectiFOTOtu birds were to dccretuo in FaragiLiy, t!ie i&rasilic 
inieaU would probablj iacreasa ; nod Chit would leascD the Dumber 
of the nsTel-frequenting flica — then cattle and hones would bceome 
feral, and thia would ceitamly grcstly alter (as iodecd I liHve obser- 
ved in pirts of SoDIh America) tbo vegetation : this again would 
Urgelf affect the iusects; aud tbia, na we have just seen in StalToTd- 
•hire, the insectivorous birds, and lo onwards in ever- in creasing 
circles of compleiity. Not that nndcr natote the T«laliana will 
«veT be as simple as' this. Battle within battle must be ooc- 
tinually ncairing with varytog snccess ; and yet in the long' 
run the fbroo are to nicely balanced, that the face of nature remsins 
fi:>r long perioJi of time uniform, tbongh assuredly the merest triBo 
would gire the victory to one organia being over another. Kcrer- 
thelcM, so jvofouiid is our Ignorance, and so high our prosiimi'tioii, 
that we marvel when we hear of the extinction of an organic being; ; 
and u we do not see the csause, we invoke ciitad3'$ms lo ilesolatc the 
world, or invent lawn ou the duratiou of the forms of life I 

I am templed to gire one more instance showing how plants and 
animals^ remote in tho scale of nature, are bound together by a web 
of complex reUtioni. I shall bcrcaTter have occasion lo show that 
tht exotic Lobelia fulgens is nerer visited in my garden by inseclii, 
and consequently, Irom its peculiar itrnctiire, never sets a seed. 
Nearly all onr orchidaceous pbnts abeolntely require the visits ol 
insects to remove their pollen-massts and thus to fertilise them. I 
God from experiments that humble-bees are almost indispensable lo 
the fcrtiliiatioD of the heartsease (Viola tricolor), for other bees do 
not visit this flower. I liave also found that the visits of bees oro 
DeoMsary for the fertilisation of some kinds of clover ; for Instanoei 
20 hrada of Dutch clover (I'lifolium lepenn) yielded 2,290 seeds, but 
SO oUwr hesdi prol«Gt«d from beea produced not one. Again, 100 
beads of icd clover (T. pt»tense) produced 2,T00 seeds, but the same 
number of protected beads produood not a single seed, Qutnble-bcos 
al(jo« Tiidl rad ciovcr, as other beos cannot rtiach the nectar. It bas 
tocQ snggeited that motha may fertilise the clovers ; but I doubt 
wbotlier they could do so in the case of the red clover, from their 
Weight not being sufScicnt lo depress the wing-petals. Hence wo 
may infer as highly probable that, if the whole genus of humble-bee* 
kecatne extinct or very rare in England, tlio hFartseaee and ted 
clovct would become very rare, or wholly disappear. The nnmVw 
fit kumbl«>b«ea m any district depends in a great measure on the 
Btmber of field-mice, which destroy their combs and nccts : and 
OeL Kwmaa, who has long attended to the habitH of faumble-bccs. 
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bdierei tlwt "iBonUuu two-thirda of them ua thus deslii>ired i 
oiw EngUud.' Ncnr the oumber of mice u largely ilepeuileDl, 
BTeiy one knows, on tbe Damber of caU ; and Col. Ncimuut hljs, 
" Krar Tilbge* wul saull towns 1 hive found tha neats of buial ' 
bees more ntUD«niut Uisn eUenhere, which I altrihiit« 
bcr of caU that destroy the mice." Uesce it U qiiito credibla 
tbe preacnoa of » fctiDC BQiQuU in Uige cumbers in %, dUlitct 
detcnniae, thtoogh th« mterreo^oa Qnt of mice and tli«Q of bees;' 
tbe frequency of cerUun fioweri id that district! 

Id the case of every ipecioa, Dumj different chock*, acling nt 
diScTEDt periods of lile, and dmisg diffeFeot seasooi or y<!iin, pro- 
faabljr come into jJay ; soma one check or some lew being generally 
'« mo«t potent; but at) wilt concnt in detenuioiug the arenigs 
imber at eveii tbe existeoce of tbe Epecie^ Id aoiue cases it can 
I In shown that widaly-diifereDt checks act on the mna apecics 
[ In different district*. When we look at the plutta and bnsbce 
hing an entaogied bauk, wo are tempted to attribute their pro- 
1 portiooal nninben and kinds to what we call chance. But how false 
'ew is tiiisl Every ooe has heard tbat when an AmcTicaa fontt 
IS cut dowu, a Tery diSereut vegetation springs ap; but it has been 
obtervod that ancient Indian ruins in the Southern United State*, 
which must fonncily have Iwca cleared of trees, now display the 
nine beautifui diversity and proportion of kinds as in tbe surTound' 
ing Titgtn foresL What a struggle must have gone on doling long 
ueutoriea between the scvcnl kinds of trees, each aanoally scallertug 
ita seeds by tbs thousaad ; wbat war between insect and insect — 
bitween insects, snails, and other animals with birds and bc«sts of 
piey — all striving to increase, all (eediog on eaeb olber, or on the 
iroca, their seeds and seedlings, or on the otber planU which first 
clothed the ground and thus checked ihegiowthoftbetreesl Tbmw 
np a handful of feathers, and sU fall to the gnmnd according to 
definite laws ; but bow simple is tbe prohtem when eacb shall £itl 
oompwed to that of tha action and reaction tA the innomeraUe 
plants and snimals which have dvlmniDcd, xa tbe oourae of oni- 
luriea, the proportional numbers and kinds of trees now giowiug on 
Ihe old Tndisn ntins I 

The dependmcy of one oigsnio beinj; on another, as of a panaila 

on lis prey, lies generally between beings remote in tbe scale of 

' re. This is likewise sometimes the case with tbosc which may 

I l)a •Iriclly said to struggle with each other for eiiileooe, as in the 

I cue of locusts and gtsss-feeding quadmpeds. Bat the ttm^ls trill 

■t iovarinbly be most tevere U-lween tbe individoals of tba 

I species, for Ihcy frcqural the same districts, minire the 
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•M exposed to tba uuno daogeis. In l!i« ease of Ttirietlci 
m« speciet, tbs straggle will geD«»11]' be almost equally 
A «o sometimes see the coDtest bdoq decided : for instance, 
varietifsof whest be sown togetlier.and tho raised seed b* 
nne of the wicties which beaCsuit tbeioilorclimnteiorare 
the most fertile, will beat the others and so yield more 
will coosequenlty in a few yean mpplant the other varie- 
keep up a mixed stock of even such extremely close varie- 
\b variouHly-oolonred swfet-peaa, they must be each year 
■epsntely, sod the seed then mixed in dne proportion, 
Iha weaker kinds will steadily decreaati in number and 
disappear. Soagain with the varieties of sheep: it has been asserted 
that oeftaiD mountain-varieties will itarve out other motrntAin- 
Tan'etiai^ ta that they cannot be kept together. The nune result 
followed from keefring together diSerent varieties of the medicinsi 
may even be doubted whether the Tarietiea of any of oui 
plant* or animaU have so exactly tho Bume itrengih, 
ilftbitiv and ooostitaUoD, that the original proportiona of a mixed 
(crouiDg being proreaied) could be kept up for half-a-dozen 
Cenentioni, if they were allowed to struggle together, in the same 
manner as beings in a state of nature, and if the seed or yonng wera 
Dot annually freserred in doe proportion. 

Slnigstt /or Li/c most levere bettaeen Indieiiluah and Yaritlict 

<f the fums Specie). 
As tha species of the same genus usually hsTC, though by no 
means inTsriably, mtich similarity in habits and constitution, and 
always is ttmcture, the struggle wilt gcnorBlly be raore severe 
betweua them, if ihi-y come inlo competition with each other, than 
botween the spmies of distinct geueni. Wo tea this in the recent 
X part* of the United States of one species of swallow 
having eanatd tha decroue of another spcciea. The recent InciGnse 
if tbs niMel-thrush in parts of Scotland has caused the decreaso nf 
ag-thmsb. How frequently ws hear of one species of nt 
g Uw place of another species uadcr the most different climstfs T 
B HSMift Iho small Asiatic cockroach has everywhere driven beforo 
In Anstralia the imported hive-bee is mpidly 
Ktnsitnating the small, tttngUai nativo bcs. One species of char- 
k hoi been known to mpplant another apectea; and so in other 
. W« tan dimly see why the competition should bemoslsevsre 
a allied Harms, which ClI nearly the same place in the economy 
«C notnn ; but probably in no one case could wo precisely say why 
\a been vielorioos over another in the great battle of life. 
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A eorollnrj of tho highest impoititnM maj be dodcced ttom tlie 
foregoing remarlu, natnely, that iha atrnctiiro of cTery organic bcin;; 
is telated, in the most ecscntial yet atleo. bidden manper, to thnt of 
kU the other orgnoic beings, vitti which it comes into compttitjon 
fur food or rcaidence, or fioxa which it baa to Mcapc, or on which it 
preys. This is obvious in the atructute of the teeth and talon* of 
tiio tiger ; and in that of tho legs and claws of the paruito vhich 
clings to tho hair on Iho tiger's body. But in the beaDtifntly plumed 
cced of the dandelion, and in the flatlcncd and fringed legs of the 
wat«r-be«tle, the relation seems at firtt confined to the dements of 
air and water. Tct the adTBHtage of plumed seeds no donbt aUnds 
ia the closest relation to the htnd being already thickly clothed with 
other plants ,- «o that the seeds may be widely distributed and faJl 
on unoccupied ground. In the water-beetle, the rtructnrti of its 
legs, BO well adapted for diving, albws it to compete wilh other 
aquatic insects, to hunt for its own prey, and to escape serving m 
prey to other animals. 

The store of nntriment laid tip within the seeds of many planls 
■eems at first sight to have no sort of relation to other plants. But 
from the strong growth of yoang pUmts prodaeed from snch wedir 
(IB peas and beans, when sown in the midst of long grass, it may be 
aospccted that the chief use of the nutriment in tbe seed ia to favour 
the growth of tho seedlings, whilst stniggUng with other plants 
growing vigoronely all around. 

Look at a pUnt in the midst of ita range, why does it not double 
or quadmplo its numbers? We know that it can perfectly well 
withslacd a little more heat or cold, dnmpneaa or dryiieas, for else- 
where it ranges into slightly hoiift or odder, dstnpcr or drier dis- 
tricts. In tbisca*ewe can clearly see that if we wi^ in imsginaiion 
to give the plant the power of increasing in number, wa ahonld have 
to give il some advantage over ite competilora, or over the animals 
which prey on it. On the confines of its geographical range, a change 
of constitution with respect to climate would clfarlybe an advantage 
to out phknt ; but we have reason to believe that only a few pUnti 
or animali range so fai, that they are destroyed eiclnnvely by the 
rigour of the climate. Not nntil we reach the extreme cmifines of 
life, in tbe Arctic regions or on the borders of an ntter deaert, will 
competition cease. The land may bo extremely cold or irj, yet 
there will be competition between some few speeiea, or between the 
individuals of the same specie*, for the warmest or dampest (pots. 

Uence we can see that when a phuit or animal is placed In a new 
country amongst now oompetitora, the condilions of its life will 
generally be changed ia an essential manner, although Ihe cH 
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may be eziictly the same as in its former home. If its ayerage num- 
bers ai6 to increase in its new home^ we should have to modify it in 
a diffetent way to what we should have had to do in its native 
oonntiy ; for we should have to give it some advantage over a different 
set of oompetitcvs or enemies. 

It is good thus to try in imagination to give to any one species an 
advantage over another. Ftobably in no single instance should we 
know what to do. This ought to convince us of our ignorance on 
the mutual relations of all crganic beings; a conviction as necessary, 
as it is difBoult to acquire. All that we can do, is to keep steadily 
in mind that eacdi organic being is striving to increase in ageometri- 
cal ratio; that each at some period of its lifSs, during some season of 
the year, during each generation or at intervals, has to struggle for 
life and to suffer great destruction. When we reflect on this struggle, 
wa may console ourselves with the full belief that the war of nature 
is not incessant, that no fear is felt, that death is generally prompt, 
and that the Tigorous, the healthy, and the happy survive and 
multl^. 
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sb'i nlvtlpB — ill pawn *^ 



Kitan! SelHtkm — iu povn ounpand irtth B 
on lli»t»«(« ef ItiflifiE iicparUuc— III pot 
•oai — SeiBil SFlcctiun — On Ui« fenenlitj sf intarensKt betirna 
inilirJduJi of Ilia mna ipcdn — CiratmsUiicei rirninlila (ad im£>- 
TDDnUa U tlia remltt of Nalnnl SclNtivs, biduIj, iDtcrenauBg, 
jiobtios, mnmbfr ef iadiTiduiU — Sloir utioii— EiliBCttei tmucd \rj 
Katnnl SclKliaa— Dinr^eocc ofQuniclcr, nUttd lo Ihe diTcnilj d1 
iBhsbiUoti of uj null ir«, isd to mturilcntioo — Action of KilunI ■ 
SdcctidB, tlmiis)i DiTcrgtDcc of Chincttr, lad Eilioctioa, on tii« d*- J 
neDdanU from \ commoD puvnt — HiplAiiu Lh« frooptiig of ill or^kfiit'' 
fcciDp — AdTuM in orgiaUntioB — Loir fgrnu prcKrnd — Conrtigtnc* I 
sf dumcUr — iBdcfiniLe mnlliplicaUoD of (p«is — SumnuU'r. 

■low will the rtrngiEle for eiuteoce, brieSy discussed in the last 
chapter, Mt io regud to Tuintioa ? C«a tbe principle of sclectkiD, 
which we h>Te seen ie bo potoat in the hands of min, apply under 
i»tara? I think we shall see that it can act most efficieDtl]r. Let 
the endleu BumbM of alight rariatioDB and individoal diSereneci 
ooonning in our domettio prodnctioiis, and, in & Icster di^nc, in 
those under nature, be homs in mind ; aa well as the strength of 
tbe hereditary tendancy. Under dotnesticatioii, it may be truly 
said that the whole organisation becomes in some dtgroe plastic 
Dot the variahility, which we almost universally meet with in our 
(iomestio productions, is nut directly prodoced; as Hooker and 
Asa Gray have well remarked, by man ; he con netlher originate 
Ttiietiea, nor prerent thsif occnrrance ; ho can only prceerve and 
aoenmalate moh as do occnr. Unintentionally be cipoaee organic 
beinga to new and changing conditions of life, and Tariability 
ensnes; bntiimilar ehangeaofcondi^ns might sud do occnr under 
nature. i«t tt also be bcTDe in mind how infinitely complex and 
ctote-fittiDg are the matoal relations of all organiu beings to each 
other and to their physical conditions of life ; and consequently 
what iaGaitely Tarinl diTeraitict of structure inig;ht be of use to 
each being under changicig condiiiona of life. Can It, then, he 
(honght improbable, eraiDg that raiiations useful to man bw* 
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undtmblodlj occurred, that other wiationa nacful in soma way te 
each beios in ^^ great sad complex btttte of life, should OKur in 
the course of ciiuiyBUccessiTegeDerBtioDs? Kiuch dooccur.can we 
doubt (msembenng tLat many more individuals are bom than cna 
poswbly mrrive) that individuals having any adranlage, however 
tlisbt, over othen, wonld have the beat cbaoce of surviving and of 
procretting their kind 1 Oa the other hand, iva may feel rare that 
any variation in the least degree injurious would be rigidly de- 
stroyed. This pretervatioD of favourable individoal difTorences and 
varialions, and the deatmctlon of those which ore injurious, I liavo 
mUod natural BelectioD, or the Snrvivnl of the Fittest. Variations 
neither useful nor injurious would cot be aOected by natural seiec* 
tioo, and would be left cither a Suctuating element, as perhaps we 
•ee in oenaiu poEymorphic species, or would ultimately becoma 
fixed, owing to the nature of the organism and the nature of tbc 
conditiooa. 

Several writers have misapprehended or objected to the term 
Satuial Sclectioo. Some have even imagined that natuml selection 
indoces variability, whereas it inplies only the preEcrvation of such 
variations as arise and aie IwneGcial to the being under its con- 
ditions of life. No oua objects to Bgriculturista speaking of the 
potSQi oBects of man's selection ; and in this case the individual 
dlSereaoM given by nature, which man for some object selects, 
mast of necessity first occur. Others have objected tliat the term 
■election implies consciooi choice in the animals which become 
modified i ai^ it has even been urged that, as plants have no voli- 
tioti, natoiaL aslection is not applicable to tbeml In the literal 
sense of the word, no doubt, natural selection is a false term ; but 
wiio over objected to chemists speaking of tho elective aflinittvs of 
the various elements ? — and yet an acid cannot strictly bo said to 
eteci the base with which it in preference combines. It hns been 
Mid that I speak of natural selection as an active power or Deity ; 
imt wboobjeots to aa author speaking of the attraction of gravity 
•s ruling Uw movomonta of the planets ? Every one knows what 
Is tDMol and i« implied by such metaphorical expnssions; and 
tbay m almMt oeaessafy for brevity, (io again it is diHiciilt in 
•void {xnoni^ing the word Nature; but 1 mean by Nature, only 
» action and produotof many natural laws, and bv laws 
M of events aaaacertaiued by us. Witba little familiarity 
SDcb sapsrfioiai objsclioni will be forgotten. 

Wa dull beat nndetvtand the ptobablo oouise of natural selection 
bf takJDg the case of a coontry nndorgoing some slight physical 
^ fcr insUuwe, of climate. The proportional numbers «t lu 
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th* akabilHtfa «f each cM)Dti7 «ie boond toptlier, tlttt U17 oluraga 
in the BUBHiBil inpcftioBi of tlM infaabiuMa, independMillf oT 
Um dwags of cti»al« it«el( vDokl Berioadj aSect dM othen. If 
tka coniitir <nn (^at on ita twrdtn, new Ibniia «««U MrUioly 
HuoigtBta, Mtd thii wmU Utewiw soMndy diataili the lelstJcnts 
ol MBe of the lg>«K iahafaitaata. Let it In remamliend how 
powfU the inftiwDM of « ragk istiodnccd tree or «n>mi pri hia . 
boM down to ba. Art itt tba caaa of aa idand, or of a eotmtTj 
|wt^ maamBinA \ij bairien, into whtdi new and better adapted 
faoaa eoold not freely eiUer, «• riioald tliai ba-r* [4aoe« io the 
eooKny of MtoM whidi voold aamedly be better filled np^ if 
•oota of liie oripsal inhalatanta wa« in ■onw mannet modified ; 
for, had the ai^ bees apa to iron^nitiixi, these tame plaoee would 
)iaT« been aeiied «n hj intntdos. In Midi nana. lUghl nodiSca- 
tiaa*, vliicli in aaj my fitvoorad Ibe indiridaal* of any qwdee, by 
battel "'t*"? tbeia to their attend cooditiotu, wodU tend to be 
|x«ened; and utonl seUctkn would lure free eeojie for tbe work 



We haTe good reewn to belieni, u abown in tlie fint chapt«T, 
that ekangei in the eooditioaa of life prg a tenlency to iDCtused 
ruiabilityi andin the fiangoii^eaaei tbe eonditkma ban dunged, 
and thi* would maaifeidy be bmntabla to natnial eelection, by 
allocdlng k better dbaoce of the oocnmooe of jcoGlabU Tariationa. 
UalMS eodi oocnr, natnnl adeetian cma do Bothing. Under the 
tana «f " Tariatioat,' it mn*t nerer ba forgotten that mere iadivi- 
doal £SgretKee are indnded. Aa maa can inodnee a great roenlt 
with Us iliiiiiMliii anim^ and planta by adding up in aoy given 
dinction In^vidoal diffenooea, ao ooold natnnl nlaotioa, but iat 
mora eaally, tnm having incooipanUy leager ttow for action. Koi 
do I beliere that any gnat phy^cal dtanga, ac of dimat«, or any on- 
nmal degree of ieolatioD to diedc immtgrBtioo, i* neceaauy in order 
that new and nnoccnpied pbcee ehocM be loft, for natonl telec- 
titiQ to fill np by improTing aonie of tbe Tuyin; inhabitaDtc. For 
as all the iohabitMta of each ooiuiuy are itroggling together with 
nicety baUnoed foroes, eztremety clight modiGcationi in the etnic- 
Innt or babiU of one spedea wonld often gire it an advaotage crer 
others ; and itill further modiGcations of the raine kind would often 
still further increase the advinta^ as long m the Bpcdea conttcmd 
tt&dci the same conditioos of lifo and profiled by similar deans of 
. nbaitleoce and debaevi Iso connlrv mh br named in wliich 
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the lulira inhabitsntB vra doit so perrecUy adapted to each other 
and to tlie physical cooditiona under which tliey live, that none of 
Ibem oonld be still better adapted or improred ; for 13 all countriM, 
the Datives have been so lar conquered b; n&tumUsed productions, 
thai the; bave aUooed some foreigners to lake Rnn poBaesgion of 
the land. And fta (oreigncn have thus in every country beaten 
some of the natives, we may safely conclude that the natives might 
have been modified with advantage, so as to have better resisted llic 
intruders. 

As man can produce, and certainly has produced, a great result 
l>y hia methodical and uncoDscious meanB of selection, what may not 
tiBtnral seleotion effect ? Man can act only on external and visible 
cliaiacten: Kature, if I may be allowed to personiry the oattmil 
preservation or snrvival of the fitteiit, cares notliing for appearances, 
except in ED far as they are nseful to any being. She can act en 
every inWmal organ, on every shade of constitutional diDerencc, 
on the whole machinery of life. Man selecta only for hia oivn 
good : Natuia only for that of tbe being which she tends. Every 
elected chanctet la fuliy exercised by her, as is implied by tbe lact 
of thdr selection. Man keepa (he natives of many olimates in the 
wme coontry ; ho seldom exercise* each selected character in some 
peculiar and fitting manner; be feeds along and a short beaked 
a oa the same food ; he does not exercise a long-backed or 
ioo8-I*ffi*^ quadruped in any peculiar manner ; ho exposes sheep 
' ' ' ig and shurt wool to the same climate. He docs not albw 
It vigOMis males to struggle for the females. Ue does not 
rigidly destroy all inferior animals, but protects during each varying 
seaNm, aa fsi as lies in his power, all his productions. Ue often 
b^toe hia selection by some haLf-monstroUB form ; or at least by 
•VDM modification prominent enough to catch the eye or to be 
plainly useful to him. Under nature, tbe slightest differences of 
struclurs or constitution may well turn tbe niccly-balonced scale in 
the itmggle for Life, and so be preserved. How fleeting are the 
wiohee and efTorCa of man 1 how short his time t and conscqueotly 
how poor wilt bo his results, compared with those accumulated 1^ 
future dnriag whole geological periods! Can we wonder, then, that 
Nature's picdnclions should be lar "truer" in character tban man's 
productions i that tbey should be ioQuilely better adapted tn tbe 
most complex ogoditiona of lifo. and should phunly bear (he stamp 
ot br liigbet workmauabip ? 

It may metaphocically l>e sold that natutnl selection is doily ■ 
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^^^ plainly useful to bim. Under nature, tbe sligbtest diScrences of ^h 

^^ hourly nemtinlsiitj;, thtuughout tbe worhl, the slightaat voriatioos; 

1^^ TDJnting tfaoN that am had, prcservlof! and adding up nil that ars ^^^ 
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iiitilinn mifhl ba ■fceiiw i« ^n^ Um pof coliidr to cudi 
kind af gWMi^ and ki kacfiag iha« cahnr, «tea om* anpifairi, 
in* mk WWIwt Nor oo^ «• ta tlriak tkat (W cwraiiMiil 
i k al niuU na af aa aBiual of wy Fwtkakr oolov vmU podnea 
Uuta aOKl : «« rfraoU toDxnbar bov iwiiiiil it i» ■■ a dack of 
nhiM akMp to dMtn>r a hmb with tha UnlMt baoa of Uadc 
We han mm bow tba ooioar cT tU Imv^ 'i'UiA fcad an tba 
" IwDt-nol " in Tilcinia, dctanaUMa wbalbw lb«r ah«a Uw ar diii 
In |>laiiti. tko dmrti rai tba fruit «ad tba eoloav vt Iba iaab an ent- 
udorad t^ botaaisu •• cbaractcn U tba Bort biKnf In^orMwai 
ret wa bear from aa axcallant borlMailtariat, Dowmng, ibtf In Ilia 
Uniled Stalaa amootb-^iaiwd frniU aafler Ux mora ftaa a bee ' 
a Oitmliot tbaa ihoao vilh ^wn ; thtt purpla plums anOar 
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\ a Mrtain diseue Uiaa yellon plums ; whereas nnotber 
I diMMM atUcfcs jeUow-fleahed peaches fai more liisn Ihose with 
P ttlher oolourcd desh. If, vjth all the aids of art, tbese slight diiTcr- 
• niAke a great diOemiM ia cuItiTating the Mveral vsjiclicE, 
asniredlj, ia a «tate of nature, where the trees would hnre to 
■Iniggla with other trees and with a host of eoemiei, such differ- 
ence* would offcctiinlly settle which variety, whether a soiooth or 
downy, a yeUoir or purple fleshed Truit, should succeed. 

In looking at many small points of difiereoca between npecict^ 
which, as ^ as our ignorance permits us to judge, seem quila 
ouimportaot, we must not forgot that climate, food, &c, have no 
doubt produced some direct e&'ect. It is also nccasaary to bear In 
mind that, owing to the law of correhitton, when one pnrt varies, 
and the TBiiatioui ore accumulated tltrough nalural seleotic«i, other 
modificatioiu, often of tho must unexpected nature, will ensue. 

Asweaee that those TBiiations which, under domestication appear 
at any particular period of life, tend ia reappear in the oRsprins at 
the same period ;^-far instance, in the shape, size, and Savour of 
the leoda of the many Tarictiea of our culinnry and ai^cultnral 
plants ; id the caterpillar sod cocoon stages of tha varieties of the 
j ■Ukwonn ; in the ^ga of poultry, and in the colour of the down of 
L their chickens; in the hems of our sheep and cattle when nearly 
I adult ; — so in a slate of nature, natural selection will bo enabled to 
1 act on and modify organic beings at any age, by tho accumulation 
'[Ria proQtablo at that age, and by their inheritance at a 
lic^ age. if it proQt a pltnt to have itj seeds more and 
mora widely dieaominatod by tha wind, I can leo no greater diffi- 
cuilyio this being effected through natural selecUon, than in the 
cottoii'-pUiitcr increasing and improving by selection the down in 
tha poda on his cotton-trees. Natural selection may modiiy and 
adapt ibe larva of an insect to a score of contingencies, wholly 
difbfcnt ffom those which concern the mature insect; and these 
ntoJiflnrtioos may affect, through correlation, the atmctnio of tlio 
adulL 80, oonTorwly, modtScationa in the adult may affect 
tlie stmctilra of the larra 1 but in all cases natural selection will 
cnsan that they shall not be injurious: (or if tiiey were so, tlie 
*| erica would become satinet. 

Valuntl solectiunwillmodify the structure of the young in relation 
to lbs parrot, and of tho poreut in mlation ta the young. Id social 
STiiwsIs It will ada^it the strucluro of each individual (or the benefit 
«f dw whola oommunity ; if the oommunity pcotica by the selocicd 

tpt. What natural selection cannot do, ia to modify the strue* 
of OH «[iedM, without giving it any adTanUge, fur the good ol 
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mciLher species ; sod though slatemeotB to this effect may bo fouod 
ta norka of natural hialory, I cannot find one cose which will bc.ir 
iavei ligation. A ■tracturc used only once in nn animurB life, ir o! 
liigh importance to it, might tvc modified to any eilent by QHlnml 
aelectioa ; for iuGtance, the grettt jaws possessed hj certain iusecli, 
used eicluBirely for openlDg the cocoon — or the hard tip to the 
biak of unhatched birds, used for breaking the egg. It boi been 
asserted, that of the best short-beaked tmnbler-pigcoiu « greater 
Dumber perish in tlie egg than are ablo to get out of it ; bo that 
fanciers assist in the act of hatching. Now if nature had to make 
the beak of a full-grown pigeon very short for the bird's own advan- 
tago, the process of modification would be Tcry elow, and there 
would bo aimultanoously tbe most rigoroos selection ot all the 
young birds within the egg, which had the most powerfu] and 
hordeat beaks, for all with weak beaks would ineTitabiy perish ; or, 
mora delicate and more easily broken shells might be selected, 
the thickness of the shell being known to vary like every Dthtr 



It may be well bora to remark that with all beings there mnst be 
much fortuitous destruction, which can hsTC little or no influence 
on tbe course of natural selection. For instanca a vast number of 
epgs or seeds are annually devonred, and these oould be modified 
through natural selection only if they varied in some manner which 
protected them from their enemies. Yet many of these eggs or 
■eeds would pi^hapa, if not destroyed, hare yielded individuals 
better adapted to their conditions of Ufa than any of thofia which 
happened t« survive. 8u again a vast nitmber of mature animals 
and plants, whether or not they bo the beat adapted to their oon- 
ditions, must be annually destroyed by accidental causes, which 
would not be in the least degree mitigated by certain dinngea of 
■tnictare or constitution which would in other ways be beneficial to 
tbe species. But let the de«tnjcticn at the adults be ever so heavy, 
if the number which con exist in any district be not wholly kept 
down by such causes, — or again let the destruction of eggs or seeds 
be Bogreat that oniya htindredlh or a thousandth part an: developed, 
— yet of those which do surviTe, the best adapted indiridunta, sup- 
jiosing that there is any variahJlity in a favourable direction, will 
tend to propagate their kind in larger numben than the lese well 
adapted. If the numbers be wholly kept down by the canaca jntt 
tndicaled, as will often have been the case, natntal selection will be 
powertcas in certain beneficial directions; but this is no valid 
"Iqection to its efficiency at other times and in other ways 
•re far from having any reason to suppose that many species 
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Stxual Sdeciion. 
Inastnucb as pecaliaritiaa often sppenr nndcE domestication in one 
te\ ttnd become ttoreditscily attached Co that sci, so no doubt it will 
b« under natore. Thus it is rendered posaible for the two sexe« to 
be modified tbrougb nataial selectioa In relutioD to different linbils 
uC lite, HI ia umetimet the case ; or for one sex to be modiGod in 
relation to the other bci, as commonly occurs. This Ipads mo to 
siy ftfewwordionwbat IhaTOcalledSeiuat Sdoction. Thislami ot 
selection depends, not on a struggle for exialence in relation toother 
organic beings or to external conditiona, but on a Btm^Io bclnrecn 
the indiridnali of one sex, generally the males, for the possession uf 
the other Bex. The result is not death to the uasuccewful com- 
petitor, but few or no offspring. Sexual selection is, therefore, loss 
rigorous than natonl selection. Generally, the moat vigorous males, 
ttioae which arc best fitted for their places in nature, will Icnro most 
progeny. But in many coses, victory depends not bo mnch on 
geneiaJ rigour, as nn having special weapons, conflncd to the male 
MX. A bomless stag or Epurlens cock nould have a poor chance of 
leaving onmennu offspring. Sexual selection, by always altovrinv 
the Tictor to breed m^ht snrely give indomitable courage, length 
to the ipnr, and strength to the vins lo strike in the spurred leg, in 
nearly the same manner as does the brutal cockfigbtec by the care- 
ful triection of his best cocks. How low in the scale of nature the 
hiw of battle descends, I know not; male alligators have been 
deKribni u fighting, bellovria^, and whirling round, like Indiana in 
B wardanco, for the possnaion of the fomiUcB; male salmons have 
boon obHtYsd Gghling all day long ; male stag-bcctlcs somatimce 
k«i woands from tba bu^ mandibles of other males; the males 
of owtain hymenopterous inaccia have bwn frequently seen by that 
inimitabb obierTer M. Fabre, fighting for a particular female vrho 
Rta by, an apparently nnconcemed beholder of the struggle, and 
then relirea with the conqueror. The war is, perhap% aevemt 
tvtvccn the males of polygamous animals, and these seem oftenest 
proTiiiod with specuil weapons. Ihe mules of camiToroiis animals 
an atrndy well armed; though to them and to others, epecial 
iDMiia of defence may be given through means of sexual selection, 
•t lbs Btatie to the lion, and the hooked jaw to the mnie salmon ; 
far lh« ahiald roa^ be as Important for victory, as the sword or 
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70 Sexual Selection. 

All ttcite irbo bare aiteoded to the subject, lieliorc tbat there :i Um 
ftcvGreet riinlry between the malea of num; spccim lo attract, by 
linpiigi the femalei. The rock-thniah of Gniana,bin1aof panidiao,itiid 
BomB others, congregate; and succpesive nialES diuplay wilh the n 
ciabonila care, and show off in the befit manoer their gorgugiK plo^ rf 
mago; thcj likewise perTorm ittangc antics lerore the (ionatci, irhich^|| 
standing by lu Epectators, at last choose the most sttracUvo putner.'f 
Those who hate closel; attended to birds in coofinemeiit trail knoVil 
that tbey often take individual prefereoces and diilisei: thiu Sir VI.M 
Deron baa described hon a pied pracock vaa eminently' alt 
•II his hen bird*. 1 cannot here enter on the ueceasaiy details; hnfcfl 
iTman can in a short tine give beaulyand on el^nnt carriage lolii 
bantams, according to his atimdiird of beauty, I can tc« no g 
rrason lo doubt that rcoialo birds, by selecting, during tbounnds o 
generatimic.thoinost molodiouH or beautiful inalet,accordiDg to thefr~| 
standard of beauty, might prodoco & marked effect. Some well- 
known laws, with respect to the plumaKc of male and fcmnlo birds, 
in compnriBOu nith the plumage of tbo young, can portly be cx- 
jilained through the action of sexual selection on varialioni occurring 
at different ages, and transmitted to the males alone or loboth seies 
at corresponding agee ; but I have not space here to enter on Ihta 
iubjfcl. 

TIiUB it is, at I believe, that when tbo males and fomalei of any 
laimaj bavo Ihe same general babita of life, bat differ in ctmctaR, 
colour, or orniuncnt, sttch differencea have bean nuuDly caused by 
wiual selection : that ia, by individual males having bad. in suc- 
.^essive generations, some alight advantage over other male^ in ihctr 
weapons, means of defence, or cbanss, which they have trangmitte'l 
lo their male offspring alone. Yet, I would not wish to attributeall 
sexnal differcneea to this agency : for we see in our domestic animate 
pecuUaritin arising and becoming attached to the male sex, whidi 
apparently have not been augmented through selection by toan. 
The tuft of hair on the brvsst of the wild turkey-cock cannot be of 
any use, and it is doubtful whether it can be oniamontal in the ejres 
of the fen^lc bird ; — indeed, had the tuft appeared under dumostica- 
lion, it would have been calltd a monstrosity. 

Jlliidraiiotit 1/ IIm Action tf Kalunil Sdettion, or Hit Sarmral 
t^ the liileit. 

In Older to make it clear bow, as 1 believe, ttatura! selection oet^ 
1 must bo^ permission to give one or two imi^nar; itlustntions. 
Let us take tba case of a wolf, which preys on various ■litrf'^ 
•iCimDg some by craft, aome by strength, and lomo by llc«lDeM( 
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anJ kt Qt suppose that tlie fleetest prej'i o ^eer for inslaDco, h.ii.' 
fraiD anj change in the counlcy incieabed in uunborg, or that ollivr 
prey hul decreaied in nuiabera, during Uiat seasoa of Ibo jeiti Trlicn 
M lunloat pressed fur fotxl. UiidcrluchcirGDmslancegtLe 
ivriflest and slimmeaL wolves irould have the best chfuice of etirviv- 
iii;;:, and lo be pteservcd or selected, — provided always that tlicy 
retaiDod strength to [oastcr their prey at tbiii or some other period of 
the ycmr, when they urcrc compelled to pre; on other aoinmli. 1 cnn 
DO more reason lo doubt that tbis would be the result, than that 
n should be able lo ioiprove the Seetucss of his greyhounds by 
careful aud methodical selection, or by that kind of uneouicioiis 
acieciim which follows from oach mau tryiag to keep the best dogs 
wiUioul any tboneht of modifyiag the breed. I may add, that, 
Bccordiog to Hr. Pierce, there are twa variutiea of the wolf inhabiting 
the CdCskill Mounlaina in the United States, one with a light grey- 
hound-like form, which pursues deer, and the other more bulky, 
will] aiiorter legs, which mote frequently attacks the shepherd'a 
Bocks. 

Uihonid bo observed that, in the above Jllustntioo, I speak of 
the tlimiDest individual wolves, and not of any siD)!le strongly- 
nuiked variation Laving been preserved. In former editions of this 
work I aomeCiinca spoke as if this tatter alternative had frequently 
occurrtd. I saw the great importance of individual diflerctiofs, and 
ihi* led mo fnlly lo discuss the results of UDconscioug telection by 
nun. which depends on the preservation of all tlie more or leas 
valuable individoaU, and on iLe destruction of the worst, 1 saw, 
alio, that the pmervation in a slate of nature of any occasional 
dsriatioa of itnicture, such as a monstroaity, would be a rare event; 
and that, if at &nt preserved, it would generally be lost by subse- 
quent miercniasiiig with ordinary individuala. NcverlheleBs. until 
reading an able and valuable article in the ' Nortli Itritish IScview ' 
(I86T)i I did not appreciate how rarely single variations, wbellier 
slight or strongly-matked, rould be perpetuated. The euthor takes 
the case of a pair of animals, producing during their lifetime two 
bundrad oiTspring, of which, from Tnrious causes of destruction, only 
two oa an average survive to proK:rcaIo their kind. This is rather 
an ex ItaDM estimate for most of the higheranimals,butby no means 
to fbr nany of the lower organisms. He then shows that if a aingtc 
indlvidiul Wtfo bom, which varied in some manner, giving it twice 
as good a chance of life na that of the other individuals, yet the 
cttanccs would be strongly a^nst iu snrvival Supposing It U 
I aulive and to breed, and tL-it half its young inherited the favour- 

^B ablo VuialicD ; ttiU, *» the licvicwcr goes on to show, llie young 
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would have onlj a slightly better chance of sttniTiag and breedii^;' 
kDil UiiH cbaDco would go oD d«crB4)uiig in the •aoeeeding gei 
tioui. llie juBtin of these remarks cannot, I think, be diipdtod. 
jr, for uutascc, a Urd of Kim« kiod could jffocnre its food more 
easily by having its beak curved, and if one were bora with iti be&k 
strongly curved, sod which consequently fiourished, nererthelras 
Ihore would be a very poor chsoce of thU one iodividasJ perpetuat- 
ing its kiod to the cicliuion of the common Ibrm ; but there can 
hardly be a doubt, judging by what wo see taking plaoe under 
domestication, that this result would follow from the preservation 
duriaTmanygoDemtionsof ft lai^ number of individuals with more 
or leas strongly curved beaks, and from the dcalniction of a still 
larger number with the straightest beaks. 

It should not, however, he overlooked that certain rather strongly 
initrkad variations, which no one would rank as mere individual 
diiforeaccs, frequently recur owing to a simihu organisation beii^ 
similarly act«d on, — of which fact numerous inslancea could bo 
given with our domestic productions. In such cases, if tbe varying 
individual did no( actually Iransmitlo itsoQsfiiDgits newly-owtuirod 
character, it would undoubtedly tmusmit to them, as long as the 
eiLBtiog couditiouu remained the samn, a still stronger leudency to 
lary in tho same manner, lliere can also be little doubt that the 
tendency to vary in the same manner has often been so strong that 
all the individuals of tho same species have been similarly modified 
without, the aid of any fonn of selectlcsi. Or only a third, fifth, or 
tenth part of the individuals may have been thus afTwted, of which 
(act several instances could be given. 'Ibus Greba ostimates that 
about ono-fiflh of the guillemots in the Faroe Islands consist of a 
variety so wall marketl, that it was formerly ranked as a distinct 
upeciei under the name of Urin laciytDsns. In cases of this kind, if 
tlio variation wore of a benoScial nature, tho original form would 
soon be supplanted by the modified fonn, through the survival of 
iho fittest. 

To tbe effects of intercrossing in climinatin;; Tariations of oil 
kinds, I shall have to recur; but it may bo here rcmarknl that 
most animals and pUnts keep to their proper hom««, aitd do 
not needlessly wander about ; «e see this even with migTBtnry 
birds, which almost always return to tho same spoL Conseqaentty 
C5CU newly-formed variuty would generally be at first local, asnems 
to be the common rule with varieties in a atato of nature ; so that 
similarly modified individuals would soon exist in n small body 
tf^ether, and would often hrrcd together. If the new variety 
nieces* ful in its bailie for life, it would sloivly 5;ri(id fromacent 
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diatrict, competing with uiil conquering (he unchimgcd individnftla 
nu tlie raargiiu of an ever-increoiiLiig circlo. 

Il may ba worth while to give nnothfr luid moro complex illus- 
imioa aT the actian of'D&tural lelectioTi. Ccrtiia pluiu excrete 
snect jnic^ ftppaiHitljr for the sake of elitsitiatiag something in- 
jurioiu from the sap: this is ntfectcd, for instuice, by glsuda at the 
bu« of th« Ktipulea id some Lc^iminoae, and at the bAcks of thu 
Icarci of tbe comraou laurel. This juice, though small in qu&ntily, 
ii groedily sought by insects ; but their visits do not iu any ivay 
benefit the phut. Now, let us suppoee that the juice or nectar was 
cicnted from tho inside of the flowers of a certain niunber of plants 
ot any apeciEi. Injects in aeclcins ^bo nectar would get dusted Willi 
)<ollea, aad would often transport it from one flower to another. 
Tha flowenof two distinct individuBls of tbe same species would 
thus get crossed ; and tho act of crossing, as can be fully proved, 
pirre riH to tigoroos seedlings, which conscquenlly would have the 
best chance of flourishing and surviving. The plants which produced 
flo«en «ith the largest glands or nectaries, excreting most ncclar, 
wooid oftenest be viEilcd by insacls, and would oftenest be crossed ; 
■nil M in the long-run would gain tbe upper hand and form a local 
variety. The Quwers, also, which had their stamens and pistils 
placed, in relation to the sIec and habits of the particular insect 
which vlait«d Iheni, so as to fiivour in any degruo the transportnl of 
tlw poUin, would likewise be favoured. We might have taken the 
Cfwo of ionMta viiitii^ flowers for the sake of collecting pollen in- 
■toad o( MDtar; and aa pollen is formed for the sole purpose of 
[ertUiiation, it* destnictlon appears to bo a simple loss lo the plant ; 
yet if a little pollen were carried, nt flrat occuionally and then 
liabltually, bjr the pollen-devouring insects from flower to flower, 
and a eroM thus eflected, although nine-tentha of the pollen were 
dntniyed, il might stilt be a great gain to the plant to be Ihiin 
tubbed; and the individual) which produced more and more pottcii, 
and had larger anthers, would be selected. 

When our p^ant, by the above proccsg long continued, had iiorn 
iMidcnd highly atttactiva to insecls, they would, nninlcotionBlly on 
tliMr part, regularly cony pollen from flower to flower; and Ihut 
tbejr do Lfaia nScalually, 1 could easily show by many tbiliing factn. 
1 K'lII give only one, as likewise illuattatiiig cue step in the separn- 
tioD of the sexes of plants. Some hoUy-trcea boar only male flowcra, 
which have four stamens producing ■ rather small quantity of 
PqU«s, %£^ a rudimentAry pialit ; other holly-treca bear only female 
thcM have a full-stxcti pistil, and four stamens with 
abrit«U<d Bivlhcra, in which not n pmin of pllcn «n ho deteclnl 
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farwtvnldftisfantbBfawttolo the uaIb ti«e,aa {mOm co^d 
Mi tkH hK*B taH eanitd. TIm wwthrr hnl faM cbU ud 
C bmiiftUa to beo, niimUhikM mty 
* «U(& I tMwtJBiri had boa WfccfiUy iirtai«d I7 
tlw fciM, wUsk bd imra fniB bee la tne in icatck of wilii Bui 
ta Msni >0 OCT inapiwiy cue : u Kxn m the pbu had Ucn 
KBdMcd M ki^ly aUnctiTe to uMecIa that poOeM «m ngohrlj 
eanwd bm iimcr ta flower, aaotlter praoe« mi^ ttattmEBcei, No 
natanlirt dd^ita the ad nntage of «h*t lia ben caUed th* "pkTW- 
logiaddniiiaBcf bbaaTi" l«nce ve ■» j Wiere that i 
•dvantageoa bt a plant to ptadnoe atameiw »]aoe m oa 
ea cna wh<^ plant, and pUtib akna m aDother Bower ■ 
plant. In piaata under cnlton and pbced tmdar n 



■ dogtea under natere, that, «• p 
earned ngokarly Irom flovti to flower, and aa a 
ntion of Ibe bcxm of oar plant would ba adranlaeKmiM 

cipie of the diviaioo of Ubon, iDdiTtdaals with thu ti 

uid mars incraaed, would be cootimiallj bTonred er ■ 
until at laat ■ completa aepantioa of the leiea night be d 
It would lake v^ too much space to bIlow 
tliroogh d JnOTphttm and other ineana, by which the 1 
the cBXta in planta of faiimis Lindi ia appaTentlf now ii 
hot I Bu>7 add that aoine of the ipecin of hollj in North Anwrioi, 
an, aECcriisg to A« Gray, in an eiactly intensediate ODoditioD, OT. 
a« be expRBBea it, are more or les* diteeioaslf pdjganxnia. 

Let ua DOW tarn to the oectar-fecdiag inteeta; w* nay Ripiwae 
the plant, of which we have been alovly increaiiDg the neotar by 
cootinned aelectioii, to be a common plant; and that certain 
inaecla depended in main pait oq ita nectar for food. I cnnld give 
matiT' bets showing bow aniioua beea are to iar« time: for 
instaoos, their habit of cutting faolei and nicking the nectar al 
the baies of certain Hover*, which with a very Utile more troaUe, 
tfacj can eater b; the mouth. Bearing luch facta in mind, it may 
be beUeied that under certain ciroomttances Indiridoal differetKen 
in the cnrTatore or length of tlie jirobowia, Ac, too alight to be 
apiireciated by ua, might profit a -bee or otbor inM«l> ao that 
I prtain iwiividiialj would bo able to obLiin their food more qulck^ 
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in olhen; ami thns the comniuaitlcs t« which thc7 belongcij 
lulil flooritih and tbiuir otT luany snomis inheriting the snoie 
^uliaiitioa. The tubes of the corolla of the common ted and 
clovers (TrifoUuta pratcuso and incamatum) do not on n 
laity gUnce fippeor to differ in length j yot the hivo-lico can caailj- 
•nck the nectar oat of the iacanutte clover, but not out of tliu 
Gummcin red clorer, vhich is viaitod bj humble-bees aloDo ; io tbnt 
wtiolc fields of the red clover oSer in vain an abundant supply «t 
jvRcioos nectar to the biTo-boc, That this nectar is much liked by 
the hive-bee is certun ; for I haio repeatedly seen, but only in tliu 
Autumn, many hive-bees sucking the llowers through boles Liltcii 
Id tha base of the tube by hutable-Ws. The difference in tliu 
^WiigtU of the ccrolU in the tvro kinds of clover, which determinus 
the hive-bee, must bo very trifling; for I hare been 
jMsuTBil that when red dovcr has been roovn, the flowers of tlm 
Moond ovp are aomewbat smaller, and that tbeic are visitod by 
miuiy bive-bces. I do not know whether this statement is accu- 
wlicthcr another published itaUment can bo tmsted, 
namely, tliat the Ltgurian bee, which is penorally considered a 
men) variHy of the common hive-bee, and which freely crosses wiili 
ll, is able to reach and suck the nectar of the red clover. Tims, in 
a country whero this kind of clover abounded, it might bo ■ gn^nt 
advantage ta the bive-bce to hnva a slightly longer or diOerontly 
ctmslructed proboseU. On the other hnnd, as tho fertility of this 
elovcr absolutely depends on beos visiting tho Sonera, if humbb- 
bcea *tc» to bccumo rare in any country, it might bo a prwit 
•dvanlSLga to llio plant to have a shorter or more deeply divided 
CorolLi, so that the hivo-bcc^ should be enabled to sack its flowers, 
lliui 1 can nodcrstaud bow a flower and a beo might slowly 
became, eitber aimuitanmusly or one after the other, modified and 
adapted to caoU other in Ibe most perfect manner, by the con- 
tioiiiid fuwerTalioD of all tho individuals which presented slight 
tUvIatMos of structure mutually favourable to each other. 

iware that this doctrine of natural selection, totempli- 
ftid ia tiio above imaginary instances, is open to tho same objections 
uhicli wen first urged against Sir C'harlei Lyell's noble Tiews on 
" tlio modtm change* of the earth, u illustrative of geology ; " but 
we DOW soUom hear the agencies which we see still at work, spoken 
sf a* trifting or insignificant, when used in oxplnining tbe excavation 
lit tbs dvepnst valleys or tbe formation of lung lines of inland 
tUff& Katural selection acts only by the pteMrration and auiuma- 
of small inhcrilwl raodificalions, each proBtable to tbe [ite- 
urval being; and ns uiMl-rn geology hns alninst baninlit-d such 
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views u the eicsTAtioD of a great Talley bjr ft single dilufiol ir 
■o wiU n&lunl Belection biniBh tbo belief of (be continued croa 
of new organic IwiugB, or of any groat and sudden modificstioi 



On Gn Iiilfreroitinj qf Individaeda. 

I mnst here introduce a short digmssioo. In the caw of 
and [dants with eepanited sexes, it is of couise obfioiu thi 
individimU must altraya (with the exception of the corioi 
not well-underatood cases of parthenogenesis) unite for each 
but in the case of bcrmiphrodites this is for from obt 
Nevertheless there is roiBon to believe thai with all herinaphroditei 
two individnala, either occosiooalljr or baUtnally, concur for the 
rcprodDction of their kind. This view was lon^ ago doublfulljr 
suggested b7 Sprengol, Knight and KQlreuter. We shall presently 
tee its importance ; but I must bore treat the sabjcct nitb extreme 
brevity, thongh I have the materials piejiared for an ampin dis- 
cussion. All vertebrato animals, all insects, sud some other lai;ge 
{groups of animals, pair for each birth. Modem research bu much 
diminiBhed the number of supposed hermaphroditos, and of real 
hermaphrodites a larje number pair ; that is, two individuals 
regularly unite for reproduction, which is all that concerns us. 
lint still there are many hermaphrodite animals which certainly do 
not habitually pair, and a vast majority of plants are herinaphro. 
(litea. ^Vliat reason, it may bo asked, is there for supposing in 
those cases that two individuals ever concur in reproduction? As 
it is impossible here to enter on details, I must trust to some 
^ouenil considerations alone. 

In the first place, 1 have collected so large a body of tirts, and 
made so many experiments, showing', in accordance with the almost 
universal belief of breedera, that with animals and plants a croia 
between different varicticB, or between individuate of the now 
variety but of another strain, gives vigoor and fertility to tha off- 
tpeiD%; and on the other hand, that cltat intcrhrwding diminishe:) 
vigour and fertility ; that these facts alone incline me to believe 
that it is a general law of nature that no oigania being fertilises 
itself for a perpetuity of goncraCioos; but that a cross with imother 
individual is occasionally — porhapa at long intervals of time — 
indispensable. 

On the belief that this is a law of natara, we can, I thinb, under- 
■tand several large classes of facts, such as the following, which 
«D any other view are inexplicable. Every hybcidixer know* how 
•infavourable ciposuro to irct is to Ibo fertilisation of a flower. 
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vliAt s nmliituilo of Gonent have their nnthcn and attsmoa fullj 
«spoial to tba wcatlier ! If an occaaiond cro^a b« indispeoutUu, 
aottrichsUiDding tbat tbe plant's own inthcrB md pbtil atand &> 
J nur «ch atbei as klmoBt to enauro self ■fertilisation, tho fullest 
LlrteJain for tbs entraaCB of pallea from aoother iDdividiial will 
E«iplaiii tliA aboTB itatc of exposure of tho orguis. Hany flovrcrn, 
■ ■•o Ibo other band, have their organs of fnictiGcation cloecly 
I «ntilMed,as in the fftat, papilioDOceous or pea-foDiUy; bat these 
T UniiMl inTBiiibly preseat beautiful and carians adaptatisni in 
I lolatiou to the viaiti of insects. So necessnrj are tbe vlBits of bees 
I to maoy papiliociceouB flowers, tbat tbeir fertility is greatly dimi- 
I tiisbed if tbeoe tists be prevented. Now, it U scarcely possible for 
■) By bom flon'er to floffcr, anil not to carry pollen from 
o tJie other, to the freat f^ood of tbe plant. Insecta act like a 
Ettniei-hair pencil, and it ia sufficient, to cosure fertiltEetion, jast to 
I tench with the same bmsh tbe antheis of one Sower and then tbe 
, itigoui of luiotbcr ; but it nmet not be supposed that bees would 
m produce a multitade of hybrids between distiQCt species ; for if 
I • pUnt'a own pollen and that from another species are placed on 
10 itigma, tho former is so prepotent tbal it invariably and 
I CoiDplel«)y doatroys, as baa becu nhown by GHrUicr, tbe inQuonce 
I Af Iha fotci^ pollen. 

,n*bcn tbe Btameus of a flower Eiiddculy spring towards the pistil, 

er alowlj move one after tbe olbcr towards it, the contrivance 

trttaa adapted solely to ensure self- fertilisation ; and no doubt it is 

uaefal (or thia cod : but tbe agency of insects is often required t") 

oiiue tba ataraens to spring forward, as Kfilreuter has shown to be 

tiio case with tho burberry ; and in this very genus, which seems to 

have a speetal contrivaDoe for self-fertilisation, it is well known 

tliat, if cloacly-alliud fortns or varieties are planted near each otber, 

■ hardly pOHiible to raise pure seedlings, so lar^^ly do they 

I bitunlly cniaa. Jo numerous other cases, for from salf-feriilisatioii 

being favoured, thcra ore special contrivances which effectually 

\ jtevtut tbe stigma receiving pollen from its own Sower, n> I could 

I aboMf from the works of Sprengel and others, as well as from my 

1 DWD oUmtviUods : for ioitance, in Li>belia fulgens, there is a really 

I btaatlfal and alaborate contrlnwce by wbicb all the iodnitely 

1 iiimiaroR* po!len>ecaiiute« are swept oot of tbe conjoined anthers of 

I Mch flower, before tbe stigma of that indiiridnat fiowcr is ready to 

n ; Blul as this flower is never vuited, at least in my 

I yarden, by Insects, It never seU a seed, though by placing poll. 

Ittm one flower on llw »tigma of another, I raised plenty of seed- 

.iiigs. Aoothoi spoci™ of Utelia, which is vi^iled by lices, weds 
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(rodj in my gardon. In very many other ciiBe% tboDsb there is no 
Bpeciftl mechanical contrivance to prevent tlio slijma Teceiviti;; 
pollen from iho eamo flower, yet, as Sprengel, and more rDcenily 
IlilUebranJ, nod others, liavo shoivn, and as I can confirm, eiihct 
the uitlien burst before the stigma ts ready Tor rerljlintion, or the 
Htigina is ready bororo tho poUt-ii of that flower is ready, so tb.it 
Ihuae so-named dichogamous plants hava in fact separated aexcs, 
and must habitually bo crossed. Bo it is wilh tho reciprocally 
dimorphic wid trimorphic phmta proTioaaly alluded to. How 
Htmn^ Bra those facUl Uo« stmnge that the pollcQ and eti^stic 
surtico of tho same floirer, though placed so cloae together, as if for 
the very purpose of nif-fertilisation, should be in so many 
mutually useless to each other? How simply are these facta 
) Jaiaol on the view of an occasional cross with a distinct individi 
bclni; advantageous or indispcnsabta 1 

If several varieties of t!ie cabbage, radish, ouion, and of 
other plants, be allowed to seed near each other, a lar^ majority of 
Iho seedlii^ thus raised turn out, as I have fout>d, mot^rels: fui 
instaace, I raised 233 seedling cabboges from some plants ofdii 
vaTtetiea growing near each other, and of these only 78 n 
their kind, and some even of these were not pcrfeelly 
iha pistil of cncli cnbbi^e-flower is surrounded not only by its 
ids Btamcns, but by those of tha many other flower* 
plant ; and the pollen of each flower readily gets on its own stii^.i 
without insect-agency; for I have found that plants carefully 
protected from insects prodace the full nnmlier of pods. How, 
ihen, comes it that socb a vast number of the Kedlings are mon- 
^sVittA'i It most arise from IlicfoUen of a distinct vanefy haviug 
a prepotent effect over the flower's own pollen ; and that this is 
]iart of the general law of good being derived Irom tb« ialercnMsing 
of distinct individoola of the same species. When distinct tptcUt 
ore crossed the case is reversed, far a plant's own pollen is nlmmt 
always prepotent over r<^ign pollen ; but to this subject wa shall 
return in a fatuie chapter. 

In tho ease of a large trM covered with innumerable flowers, it 
may be objected tbat pollen could seldom be carried from ti«o lo 
I roe, and at most only from flower to flower on the nune tree; and 
flowers on tha same tree con be consiiJeral aa distinct individuals 
only in a limited Knse. 1 believe this objection to be valid, but 
thai nature has largely provided assiost it by giving to trees a 
sttrmg tendency to bear flowers with Beparated acics. When th« 
«excs are separated, although the male and fomalo flowers 
|irodncfd ori the eimo tree, poUnn iiiutit bo regiil™rly carried 
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Hovret to Sower ; an J tLis will gtrc ii better cbaaco of pollen bein;; 
yccuionally earned from tree to tree, ITuit treos belonging to nil 
Onlers hato their aeiea woro often ai^parated than otlior plnnia, I 
find K be ths case in this country ; and at my request Dr. llookci 
tubulated the tree* of New Zcnlond, oud Dr. Asa Gray those of lliu 
United Stttei, and the result iras as I anticipated. On the olbcr 
luuid. Dr. Hooker informs me that the rale does not bold good in 
AuaUmlia ; but if meet of tlia Australian trees are dichogamous, f lie 
■anui result would futUiw as if tbcy bore Howeia with separntod 
»>-xes. 1 have made tliuso few remarks on tt^es Biinply to cnll 
nttcntioa to the subject. 

Tiitniog Cir a brief 8|iace to nniuinls : various terrestrial species 
ore hermaphrodites, eucli as tiio land-moUusca and earth-woims ; 
but these all pair. As yet I have not faand a single terreetriul 
animal which can fertilise itself. This remarkable fact, which olTcrs 
wstrougacoDtiMt wilk turreslrial plants, is intelligible on the view 
of an occasional cros being indispensable; for owing to the nature ol 
the lertiiiiiiig clement there are no meona, analogous to the action 
of inKcta and of the wind with plants, by which an occasional cross 
oould bo effected with terrestrial animals without the conciurenco of 
t«o individuals. Cf aquatic animals, there arc many self-fertilising 
hcrrmaphroditos ; but hero the currents of water offer an obvious 
rai:ans fur an occasional cross. As in the case of flowers, I have as 
y«t l«il«d, after consultation with one of the highest nutboritics, 
namely, I'rofcssor Uuiley, lo discover a single hermaphrodilc animal 
with the organs of reproduction so perfectly enclosed that access 
[lum wilLout, and tho cctasioaal inSuence of a distinct individual, 
can ba shown to be physically impossible. Cirripcdos long appcarcil 
10 mo to preaeDt, under this point of view, a case of great difficulty ; 
but 1 have been enabled, by a, fortunate chance, to prove that tivii 
individuals, though both arc self-fertilising bermnphroditcs, do 



Jt must hare atmck most naturalists as a strange anomaly tlinl. 
I<uth with animals and plants, some cpccies of the same family anil 
cvua of ths Mme genus, though agreeing closely with each other in 
llieir whole organisation, are bcrmapbrodilea, and some unisexual. 
Ilut it, in fact, all hermaphrodites do occasionally inlercrota, the 
ililIci«Dca between them aod uuisuiual Jpcciei is, as far as function 
■• concerned, very small. 

Vrom those ecvonil considerations and from the many special 
fatu which 1 have coUcclod, but which I ant unable here to pn, 
tppSMi that with animals Mid plants on occasional intcrcrDUi 
uttMtt distinct individuals is a very gcacral, if m,i univenal, biw 
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CirCHmstanca favourable for the production of nem fom* 
through A'atuml HeUxUon. 

Tbia it M extremely intricate «abjact. A grenl; amonnt of »Ha- 
bilitf, under nhich torm iadividual diAereocos arc AlwR^a inoloded, 
nill evidently be favourable. A large number of mdividool^ by 
giving a better chuncs within nny given period for the appeannoa 
of profitable variations, will compensate for a Iciser amotiDt of 
variability in each individtuil, and is, I beliore, a bigbty imponant 
cloincnt <k succcsH. Though Nature granta long periods of time Tor 
Lbe work of natural selection, she docs not grant an indefinite 
licriod : Icr as all organic beings are striving to seize oa each place 
m the economy of nature, if any one species does not become modi- 
Gvtl and improTed in a corresponding degree with its compelitors, it 
will be exlcrminat^d. Unless [avourable variations be inherited by 
MJine at least of tlie offspring, nothing can be effected by natural 
selection. The tendency to reversion may often check or prevent tlis 
work; but as this toodcncy bus not prevented man from forming 
by selection nnroerous domestic racos, why should it prcvnil against 
luiiuial selection? 

In the case of tnethodical scloctinn, n breeder seleels for tnrao 
duGuitu object, and if the individiuls bo allowed freely to intcreron, 
bis work will completely fail. But when roiny mm, withoiit 
intending to alter the breed, bnvu a nearly common standard of 
perfection, and all try to procure nnd breed from the best inimatii, 
improvement surely but slowly follows from this iineoDM'iuus 
process of selection, not ivi that anding that there is no teparation of 
seievted indindnal^ Thus it will be under nature; for within a 
confined area, with some pbce in the natural polity not perfectly 
occupied, all the individuals varying iu the right direction, though 
in different degrees, will tend to bo preserved, fint if the area be 
Inrgfi its aevosl districts will almost certainly ptnent diff»*iit 
conditions of life ; and then, if the same spcdee undeifoee niodifi- 
cjition in different districts, the newly-formed Tarietiea will intcrcnrsa 
en the confines of each. But we shall see in the uith chapter that 
iutermediate Toricties, inhabiting intermediate districta, will in the 
long run gcnemlly bo snpplonted by one of the adjoining vsrietie*. 
InterciMsicg will chiefly affect those animals which unite for nch 
birth and wonder much, and which do not breed at a very quick 
mtc. Uenco with animals of this nature, for instance, Urds, 
rariotiea will generally be confined to separated cnnntriist and this 
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blrlli, but wLich wonder Utile sod can increase Rt n m))id rate, a 
Iiew and lm|>niTed Tariety might be quickly formed on any odu 
■pot, umI lai'^t there maintaiQ itntf in a body uui aflerwAnls 
■prud, n tlmt the individunU of the new variety would chietly 
eroM together. On lhi» principle, nuTserymen always prefer Hivin;; 
Mol from a lar]go body of [ilauts, as the chancv of iuU-rcnusiug ie 
thus IcMmed. 

Eveu with sniimils whkh unite for ench birth, and which do net 
1 ropt^te rapidly, we must not a^ume that free iatercruaBing would 
alwu^ elimiuato the effcota of natural Bcloctioa ; for I can bring 
lorwaid a cunsiderablo body of facta showiiif that within '.he some 
Hiua, two Ttrielios of the eame animal mny loog remain distinct, 
injca bauotiDg different stations, from breeding at slightly dilTcreia 
Huautia, or from tbc individuals of each variety ptefoning to pair 

iDlcscroasiug phiys a very important part in nature by keeping 
tin tmlividuaiii of the lame species, or of the same varioly, true and 
tuiif»(m ia cbatscter. It will obviously thns act far more eBiciently 
ujlh those aeimal* which unite for each biith; but, aa alreitdy slated, 
wg bave reason to believe that occaiionatintcrcrosaos take place with 
oU animiils and [danta. Even if these take place only at long inter- 
val* <4 tinu^ tho young thua prodoccd will gain so mnch in vigour 
and (ertlUty over the offspring from long-continued solf-fertilisaliun, 
that Uiey will have a better chance of surviving and pnipsgalitig 
their kind ; and tbut, in the long run, the influence of crossea, even 
at rare intervals, will bo great. With re»pecl to organic beings 
•ztfaneljr low in the scale, which do not propagate sexually, nor 
caajugaU, and which cannot possibly intercross, uniformity of cha- 
niMt cu be retained by tbcm under tiie same conditions of life, 
nvly ibratigb the principle of inheritance, and through natural aolec- 
toM which wit) dealToy any individnals dcparling from the proper 
■ ypCL UthaooMiilioiuof life change and the form undergoes niodlG- 
ratiixi,uaiibrtnity of character can bo given to the modified offspring, 
■elelj by Utur^ aelectlon preserving similar favourable variationE. 

balatioa, alati^ ii an iaiportanl element in the modification of 
■peeiM UinNIgh naloial selection. In a confined or isolated area, if 
not twty large, the organic and inorganic conditians of life will 
gnicnUj' b« akooat uniform ; so that natural selection will tend to 
tusdiff all the vaiying individuaU of the saiae specie* in the Ennio 
toMUat, lotetctoanng with the iubabitaDts of the surronndingdiii- 
Mda will, alio, be thus prevented. Uoriti Wa)(aer has lately pub- 
liabpd BO intcnating evay on this subject, and has shown that the 
Krtice midcrBd' by isolation in jircvcntuig crosses between nenly- 
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[urmod vuictiua is probably grottvc even Ihiui I euppo$cd. Bnl 
Irom rcasoQB alreodf nssigued I can bj no means ngree with tJiia 
iiatiiralist, Uiat mignttioii uul iaolatioQ aro uecesaary elemonls for 
tbo formation of ne«r apocies. The importaoco of isolntion is Ulw-. 
wise great in prcTtDtios, after any pby«cal change in the coDditioDr< 
buch OS of climate, elovaUon of tbo land, dec., the immigration 
better adapted orgauismB; and Ibus now plnces In the 
vconomy of the disCHct will be left open to ba filled op bj Uid 
mudiScation of IliQ old inhabitants. Laslly, isolation will give time 
lor a new variety to be improved at a alow rati; ; and this may some- 
times bo of much importanoo. If, however, an isolnted area be very 
small, either from bein'Z sumiunded by barriers, or from having very 
l>eculiar phyucal conditiona, tlie toluL number of the inhalritant* 
willbeMnuli; and this will rotanl tho production of new specie* 
tliroDgh natur^ tdcction, by dccrcaaiog the chonoes of Javoorable 
va rial tons arising 

'I'bemcro inpoc of time by itsslfdocsnolhine, either for or against 
nilural suluction. I state this because it Las been crroueoiiBly 
•sorted that the element of time has been assumed by me to piny 
an all-important part in modifying spccica, as if all the forms of life 
were neceasarilyunder^ingcliangathroughsome innate law. lApM 
of timo is only so fur important, and its importance in this rosjieot 
is groat, that it gives a belter chance of Iieneficial variationa arising, 
and of their being selected, accumulated, and fixed. It likcwiso 
tends to incrcoM tho direct action of the physicftl condiUomi ot lifo, 
ill relation to the constitution of cadi onanism. 

If wo turn to DOturc to teat the truth of these rcmarka, and look 
at any small isolated area, such as an ocoinic island, although tlw 
number of species inhabiting it ia amall, as wo sball sco in our 
chapter on Qoographical Distribution; yvt of tboe apeeies a very 
k[«!o proportion are endenuo, — that ia, have been produced there, 
nnd nowhere else iu tbo world. Ucnco an oceanic island at first 
si];ht seems to have been highly fivvoumblo for the production of 
new apeeiea. But we may thus deceive Dnrselvos, for to aaccrtoin 
wlietlier a small isolated area, or a lar;;e open area like a continent, 
has been romt tavourablu fur the production of now organio form*, 
we ought to make the cumpuiaoa within cctunl limee; and this we 
are incapable of doing. 

Aitbough isolation isof greatimportanee in ths prnducHon of new 
species, on tbo wliolo I am inclined to believe that largenns of area 
is sUU mora important, especially for the prodoctioo of «p«ciM which 
shall prove capable of enduring for a long period, and of spreadlDg 
widely. Thrcighout a great and open area, not only will thcnbai 
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bott^^r rhdnce of fiivuarabla variationa, arising from the liK^ numbor 
of iniiividnals of the some species there mipportod, but tiia conditions 
i)f li/o ore madi more complex from the lar^ nomber of alrend;? 
cxUttog species ; uidifsomeof thcso mtiiy species become modified 
n[i'l improved, others mill hsTo ^o be improved in it corresponding 
dugrec, or tboy will be exterminated. Each new form, also, ss soon 
lu ii hiu been ranch improved, will bo able to spread over the open 
uul oontiQnoiw oroa, and will thus como into competition with 
many other fonns. Moreover, great areas, though now continuous, 
will often, owing to fonner oscillations of level, have existed in a 
broken condition ; so lliat the good effects of isolation will gGDcrally, 
to a certain estcDt, have concurred. Finally, I conclude that, 
although mnall isolated areas have been in soma respects highly 
favourable for the productioa of new species, yet that the course of 
modification will generally Live been mora mind on large areas ; 
nod what is more important, that the new forms produced on k^e 
ansa, which already have been victoriona over many competitors, 
will be tboK that wilt spread moat widely, and will give rise to Ibo 
grcalcat nnmbcf of new varieties and spociea. They will Ihns piny 
a mora iniportaat port in tlie changing history of the organic 
world. 

In aMordanco with this view, 'xa can, perliaje, understand some 
rMt« which will bo again alluded to io our chapter on Gcogmphical 
[ilnlribution ; for tnshmce, the fact of the productions of the smaller 
rontincnt of ^nstralia now yielding before those of the larger 
Karopa>i>-A>iatic area. Thus, also, it is that con tinea tal productions 
havR everywhere become so largely naturalised on islands. On a 
mnall island, the race for life will have been less severe, and there 
, will hav« been less modification and less extermination. Hence, we 
can undentxnd how it is that the flora of Uodein, according to 
Unnttd Qeer, resembles to a certain extent the extinct tertiary flora 
of Eon^ AH fresh-water basins, token together, make a Rnnll 
M« eooipared with that of tho sea or of the land. Consequently, 
ttM MBpotition between freeh-water piT>dnctioiis will have been less 
Mvcra than elavwhsre ; new forms will have been then more alowly 
produced, tnd old forms more slowly exterminated. And It is in 
&cah-mUt bosiui that we find ceven genera of Onnoid fishes, 
Rtnuuta of B once preponderant order : and in fresh water we find 
■MM of the most anomalous forms now known in the world, ni the 
OnttlMrhjncfans and Lcpidorarcn, which, like foceils. connect to it 
■itenl orders at present widely snndered in the nalumi 
Tb(M aaomaloli* forms may bo called living fossils) they 
Imr tndDrcd l« (he prewtit dny, Tmrn liriviii^ inlinbilr'd n conllneJ 




S4 



Ciratmslunces favourabU to the Ciup. i»-| 



Sii 



■rM, »Dil from having been expond to less variod. Mid thetcfoK lew 
severe, competition. 

To enm up, as far as the eitreme intricacy of tho eobject permits, 
the circmnstaDcea favoorable aod unlavoiiiable for the prodt 
new species through natonU selection. 1 oooclnde that for tcrrcsti 
productioM a Urg« continental area, trh'ch has cmdergoac 
oscillations of level, will have bMn the most favonnblo for the 
ductioQ of many now forms of life, filled to cudora for a long 
and to spread u-idcly. Whilst the Br«a existed as a coatinent, thm 
Inhabitants vill have been numerous in individuab and kinds, anf ' 
will have been subjected to severe competition. Wb(m oonvertef 
by subsidence into large separate istunds, there will still have cxisled 
many indiTidnals of the same species on each island : intercrossing 
on Uie conflneH of tho raago of cmJi row species will hare been 
checked : after physical changes of any kind, immigration will have 
been prevented, so that new places in the polity of each idand will 
have bad to be filled np by the modificBtion of the old intubitAnts ; 
and time wilt hare been allowed for the varieties in each to bcoomo 
well modified and perfected. When, by reoewed elevation, the 
islands were reconverted into a continental an*, there will again 
have been very Ecvcro competition : the most favoured or Impnived 
varieties will have been enabled to spread : there will have been 
much extinction of the less improved forms, and the relative propor- 
tional numbers of the various inhabitants of the reunited amtinent 
will ^nin have been changed ; and opiin there will h-ivebccn a fair 
field fuc natural soloction to imptove still f;irth(ii the inhabitania, 
and tbus to produce new specica. 

That natural selection gcnecallyacU with extreme slowness! fully 
admit. It can act only when there are places in tho natural polity 
of a district which can be belter occupied by tho modification of 
some of its existing it^habitsnts. Ilta occurrence of anch places will 
often depend on phyiical changes, which generally take place very 
slowly, and on tho Itmnigration of better adapted forms being prnv 
vcnted. As some few of the old inhabitants become modified, 
the motnal rclaticms of others will oflen be distnrbed ; and this 
"ill creatonewplacea, ready to be filled up by bettor adapted forma; 
but all this will take place very slowly. Although all the indi- 
viduals of the same species difi'er in somo slight degree ftom fkIi 
other, it would ol^n be long before diflcrences of the right nature 
ill variot« parts of tho organisation might occur. The result would 
often b« greatly retarded by fre« intercroasing. Many will exclaim 
tliat these sorcral causes are amply snfGcientto nentraliM the powct 
of n.itutsl selection. I do not believe bo. But I do believe that 
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Datiual lelccliim nJU geucnlly act very slowly, only at long m^rvila 
of time, bimI ooly on a few c>f the inhabitnnte of the Euue region. I 
latthcr beliere that these bIow, intermitteot rosults nccord wcU 
wicii what geology telU os of the rate aad auLaner at which the in- 
babitautt of the world have changed. 

Slow though the proness of Beiectioo may be, if foebla man can 
•\o much by artiScioI selection, I can sco no limit to the nmonnt of 
ihonge, to the beanty and complexity of th« roailaplationa between 
oil DT^nic beings one witli another and with their physicul con- 
jitionj oT Ufa, which may bnve been eOuutcd in tlie long course of 
rime through nature'e power of teloclion, tbul ii by lliu Hurvival 
of thofiUesl. 

EilinetUm tanKi X-y Xatiiral SclecUun. 
Thia subject will be more fully discussed in our chapter on 
Geology i but it mast here l>e alluded to from being intimately cori- 
nwtcd witli natural splection. Natural selection acts solely through 
ihs prsKrratioQ of Tariatioos in some way advant^eoos, which 
conaequsntly endure. Owing to the high goomctricalrateof increase 
of ali organic beings, each area is already fully slocked with inhabit- 
anU; and it follows from this, thatns the favoured forms increase iu 
number, so, generally, will the less favoarcd decreoae and beconio 
nm. Ilority.as geology tctls 11s, is the precursor to extinction. Wo 
CM) HO tlial any form which is represented by few individuals will 
roD a good chance of utter oitincticin, during great fluctusUons in 
the natar« of the seasons, or tium a temporary increase in the number 
(if Ita enemies But we may go further than this ; for, as new fornit 
are [irodnced, riilc&i wo admit that specific forms can go od indefi- 
ivitcly incruosiju; in numbor, many old forms must become extinct. 
That the aambcr of specific forms has not jndeflrdtely iocrrHsed, 
gedogy plainly tetis us; and we shall presently attempt to show 
why it U that tbu Dumber of species throughoot the world bas not 
bemuw Icomtuiucabty gruat. 

We have toon tlial the species whi.;h are most noincrotis in indi- 
vidoala hare the best chance of producing favourable variations 
wltldn any given period. We have evidence of this, in tlie facts 
ttjitod in the iecond chapter, showing that it is the common and 
dUliucd ot dominant specie* which oQer the greater Bomber of 

I rocordsd nrietiea. Hence, rare ipccio will bo leas quickly nodiSed 
" nirored within any given period ; they will consequently bo 
n in the nun for life by tho modified and improved desccndonw 

[ of tbe oaroinonar specie". 

From Ihe« sevcml rontlikmlloni I llitnk it iiicvitnbly fulkJW^ 




to 
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tbnt u new specios in the cohtm of time Bro farmnl tlirongh natural 
Boloetion, others will become rarer and rarer, and tinally extinct. 
The forms which stand in closest competition with those imdergDing 
modification and improvement, wiil naturally suRer most. And we 
liave BEOQ in the chapter on the Stni^le tor Existence that it is the 
inoat clowlr-alliod forms, — variclies of the same specie*, and ipecics 
of the same genus or of related genera, — which, from having nearly 
the same Etmcture, constitution, and habit«, generally come into 
tlio aevercst competition with each other ; conseqnently, each new 
vnriely or species, during the ptogresa of iu formation, will generally 
press hardest on its nearest kindred, and tend to extenninate them. 
We BOe the same process of citennioation omon^C our domesticated 
prodnctions, through the selection of improved forms by man. 
Many cunous instances could be given showing bow quickly new 
breudu of cattle, sheep, and other animals, and varietic* of flowers, 
lake the place of older and inferior kinds. In Yorkshiro, it is 
liistorically known that llio ancieot black cattle were displaced by 
the long-horns, and that those " were swept away by the ihort- 
honis " (I quote the words of an a^cultural writer^ " as if by aoran 
tnurderoos pestilence." ' 

Uierrgtnee of ChsracUr. I 

The principle, which I have designated by this term, is of high ~ 
importance, and explains, as 1 believe, several important Gicta. In 
the first place, varietioa, eron slrongly-marked ones, though having 
somewhat of the character of Rpecies — as Is shown by the hnpelca 
lioiibls in many cases how to rank them — yet ccrtHinly difftrr far 
luss fwm each other than do good and distinct spocios. Neverlhf- J 
loss, sccoiding to my view, Tarielics are species in the piwcss a 
formation, or are,)* I have called them, incipient species. How^fl 
then, docs the lesser difTcrcnce between varieties become aogmenledj 
into the greater diSercncc between species V 'Hat this does bntatn-V 
ally happen, we must infer from most of the innnmemblo specicia 
thniaghout nature jiresei^ling well-marked dilTereDcai ; wber 
varieties, the supposed prototypes anrl parents of futnre wi 
speciea, present slight and ill-delincd diSerencea. Mere chanc«, I 
we may call it, might cause one variety to differ in some chsroct 
from its parents, and the offspring of this viriety again ti 
from its parent in the teij same character and in a greater degrMH 
but this alono would never account for so babilunl and I 
a degree of diSereuce as that between the species of the e 

As lias alwnis Ixcn my practice, I have sonjht I'ght o 
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Itcod fromuordcntwslic productioos. Wo »lin11 licre find somctliins 
ftnalogtnu. It will be aiiiDitted that tha productiua of races so 
ililTeruiit as aboit-hont and Hereford cattle, race and cart horses, 
llio aereial bneda of pigeoDB, Ac., could never Imve Ixea cSbctcd by 
till) iDcra chanco accumulutioa uf similar TariatioDs during man)!' 
■uKvnTe generations. Jo practice, a fancier ia, for instance, struck 
li; • |HgDoa luLTing a ilightLy shorter beak; another fiucier \i 
»tnick bf a pigeon having a rather longer beak ; and od Ihu 
ooknawl^od prindple that " fanciers do not and will not admire 
• CEiedium atandard, but like extremes," tbcf both go on (as Lis 
(Utoally occurred with tho Bub-bnwda of tho tumbler-pigi'on) 
chocoing and breeding from birds wltli lon;;cr and longer beaks, or 
iTilb iborttr ud sbortor beaks. Again, wc may snppose tbat at an 
early period of history, the men of one nation or district required 
■sifter horses, whilst those of another required stronger and bulkier 
horsce. I'he early differences would be very alight; hut^ in tho 
RonfM of time, from the continued selection of swifter horses \i\ 
Uio onB cose, and of stronger ones in tlio other, the differences won) J 
become greater, and would bo noted as forming two aub-hrcedK. 
Ultimately, after the lapse of centuries, these sitb-breeda would 
become converted into two well-establisbed and distinct breeds. As 
the differences bccomo greater, the inferior animals with inteiroc- 
diat« cbnractecs, being nciilier very swift nor very strong, would 
nut have bven QGed for breeding, and will tbus have tended to dis- 
Bppmr. Uero. then, wo see in man's productions the action of what 
■nay bo called tbo principle of divergence, cau^g differences, at 
lirst barely apprccinbiii, steadily to increase, and tho breeds to 
diverge in cliojoctur, both from each other and from their common 

Hut bow, it may bo asked, can any analogons principle apply in 
aatnni? I believe it can and docs apply moat efEcicntty (though it 
wu a long time before I taw bow), from, the simple circumstance 
that the more diversified the descendants from Hcy one spccii's 
faMoma itk Mructote, constitBtion, and habits, by so much will they 
fa* b«tter enablod to seii:o on many and widely diversified platen 
in th« polity of nature, and so bo enabled to increase in namhcrs. 

We oan clearly discern this in the case of animals with sim|ilu 
liabtUi. Take tho cose of a camivorous quadruped, of which the 
Btunber thai can be supported in any country has long ago arrirnl 
•t iu fall aTciaj^o, If its natural power of increase be allowed to 
act, It an soGeaod in increasing (the country not undergoing any 
ebuge in oonditions) only by its varying descendants sciiing on 
places at prcwnl oocui'iiil hy olhrr anim.ils t Foine of them, for 




instance, being enabled lo feed on new kinda of prcjr, either dcftd 
ur tliTe; Eome iubabitiii; new sUlious, climbin; trees, freqoeatiog 
crater, and soma peihnps becomiDg ]eis carnivorous. I'Us more 
illvmified \a habiU uid ttrQctura tlie dcBcendfuits of our catniro- 
lousanimalB become, the mora places they will be enabled to nxmpy. 
What apptiea to one animal will apply througliout all time to all 
animaU— ^hat is, if they vary — for oUierwise natural election oan 
ctrect DothiDg. So it ivtll be with plaati. Jt hoa been exTwri- 
Jiientally proied, that if » plot of ground be aown with one Rpccifs 
of graaa, and a similar plot be aonn nith eeveial distinct geuem of 
j;iaaKs, a greater number of plants and a (nwter neigbt of dry 
herbage can be raised In the Utter than in the fonner use. llm 
Boroe has been found to bold good when one varitty and Mveral 
niiied rarieties of wheat have been sown on equal sgiacea of ground. 
Uencv, if any one ipcciis of grass were to eo on varyinjf, and tho 
varieties wore continnally selected which dilTcrtd from «ach other 
in the same manner, though in a Teiy alight do^^ree^ as do the 
distinct species and goncraofgmaaca, a greater nainber of iudiviilunl 
plants of this species, including its modified descendants, would 
succeed in living on Iho same piece of ground. And we know that 
each ipccies and each variety of grass is annually sowing almost 
countloGs seeds; and is thus striving, as it may be said, lo tho 
utmost to increase in nnmbcr. Consequently, in tho course of many 
thousand generations, tho most distinct varieties of any one ipccira 
of grass would bavo tha best chance of snoeeeding and of increasing 
in numbera, and tbuK of lapplanting tho leu dUtinct varieties ; and 
varieties, when rendered veiy distinct from eadi other, take the rank 
uf aitecics. 

The (ruth of the principle that tho grpateaC amount of life on ba 
supported by great divers I Hcation of structure, is aeon under many 
natural circunutances. In an extremely small tma, especially if 
freely open to immigration, and where the contest betwwn indivj. 
dual and individual must bo very severe, we almyi find great 
diieisity in lis inbabiUmts. For tustancc, I found that • juece of 
lurf, throe foet by four in size, which had been exposed for many 
years to exactly the same condilions, supported twenty speciea of 
pinnts, and these belonged to eighteen genera and to eight orirm, 
which showa bow much these plmila differed from each other. 80 
it is with the plants and insects on small and uniform islets: atan 
ID small ponds of fresh water. Farmer* find that they can Taisn 
moEt food by a roUtion of plants belonging to the most diffmnt 
nrdprs : nature follows what may bo calle<! a simulianeoua rotatioo. 
Moat of the nniinnls nnd plnnd which live cli»c mum! any small 
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piece of gromiil, cocld Iito on it (supposing its nature not to be in 
mny ''"^'S pcoiliar), and may bo said to be Btdvtng to the utmost to 
hve Ibeiw; bat, it is seen, tbnt where tbey como into tlie r!oe«i» 
mmpatilion, the adTaatages of dircrsification of structure, witti the 
accompanying diffcrencea of habit and constjtution, dctemiino 
tliat the inhabitants, irhioh thus jostle each other noRl cloeet;, 
*\aXl, HI a gvnentl rule, belong to wliat ive call diOcrent genera 
anil orders. 

The same priaciplG is «een in the natiinilisatioti of plants through 
TTUn'a agracy in foreign hinds. It might iinre been expected that 
the planU which woold succeed in becoming naturab'sed in anj' 
Inad would geiierally have been closely ntljcd to the indigenes ; fur 
iliese are ctaninonlj looked at aa specially created and adapted 
Tur their own country. It might also, perhaps, bare been expcclod 
that nfttnratieed plants would hare belonged to a few gronps rooru 
especially aitapted to certain stations in their new homes. Bat the 
esM is very difierent; and Alph. de Caodollo bas well remarked, in 
his prat and admirable work, that floras min by naturalisation, 
ITupvttionslly with tbe cumber of the natire genera and species, 
lor more in new genera than in new tpedca. To give a single 
inslAoce: in the hut edition of Dr, Aaa Gray's 'Manual of the 
Flur» of the Northern United SlAtca,' 2C0 nattimliEcd ptania are 
enumerated, and these l>elong to 16" genera. Wo thus see that 
these natoraliscd plants are of a highly diversified nature. They 
ililTcr, moreoTcr, to a largo extent, from tbo indigenes, for out of the 
l(i2 DAtunUsed ^noro, no less than 100 genera ate not there Indi- 
;:;<['noua, and thus % \sa^ pro|)orlional addition is made to tjio genera 
now living in the United States. 

Ity con^dering the nature of the phinis or notmnls wmcb Itave in 
any oouatry strogglod succcearully with tho indigcncH, and have 
iIkt* become nataraliMd, we may gain some crude Idea in what 
manlier wme of tbe natirea would haro to bo modified, in order to 
i;un an adTaotage ever their compatriots; and wo may at least 
iufcr that direraification of structure, amounting to new generic 
•liiftniBCee, WWild be jirofi table to them. 

Ill* advaiitago of direrufication of struoture in the inhabitants 
nf tho nina ngioa is, in fact, the same as that of the pbj'siolaeioni 
division of labour in the otgaua of tho same individual body— a 
■nl^ect io well elucidated by Hilne Edwards. >'o physiologist 
•leobtt lliat a slemach adapted to digest rcgetuble matter alone, or 
l«dl alone, drnwi most nutriment from these aubelances. So in Iho 
,' of Boy land, tho mure wiilcly and perfceOy tho 
a atul plauU are ilivcniHcd i'Jt ilifTcrenl hnb>t» of life, to will 
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a grentcr number of imliFiduals bo capnblo of tbere (mpportiaj 
theiBsclvca. A act of uqIiiuIb, with tbcir organimticin but Uttld 
diversified, could linrdly compete with a »ct more perfectly diTc 
ia ■tructQr& It may be doubted, for instance, whether the Austn 
lian tnanmpiol^ whicli are divided into gioopa diQering but litlM 
from cncii other, and feebly rfprcBtnling, as Mr. Waterhoose % 
ntheiB hnvo remarked, our carnivorous, ruminant, and rodent man 
luals, could Bucceasfully compete vfith these well-developed orders. ■ 
III the Austmlian mammals, wo see the proct^ss of direniSeation iu 
an early and incomplete stage of development. 

Tho Probaile Egetti of the Action if Natural Sdeelhn thnagh 
Divergrnct of Cliaraeter and KxUactUjn, on the Daccmiantt o^ 
a Common Ancator. 



After the foregoin; 
no mny nasumo that the 



which has been much compressn 
modified dcBoendaals of any one apecii 
will Buccocd so much the better ns they become more diversified 
structure, and are thus cnnbled to encroach on places occupied by 
other beings. Now let us see how this principle of benefit being 
derived from divergence of character, combined with the principlcii 
of natural selection and of extinction, tends to act. 

The accompanying diagram will aid us in understsnding thti 
rather perplexing subject. Lot A to L represent the spec! 
genus large in its own country; those species are supposed 
resemble each other in uneqiuil degrees, as is so geucmlly tbi 
in nature, and as ia represented in the diagram by the letti 
itondtug at unequal distances. I have said a lurge genus, bccatue 
ns we saw in the second chapter, on an average more species vary 
large genera tbon in small genera ; and the varying species of the 
large genera present a greater number of varieties. We have, also, 
seen that the species, which are the commonest and (he most ntdcl j 
diffused, vary more than do the rara and restricted species. Let (A)| 
bo ft common, widely-diffused, and varying species, belonging 
genus krje in its own country. The branching and divergin] 
dotted lines of unequal lengths proceeding from (A), may repi 
its varying offspring. The variations are supposed to be exlretnol 
slight, but of the meet diversified nature ; they are not supposed 
to appear simultaneously, bnt often after long intervals of 
are they all supposed to endure for equal periods. Only 
variations which are in some way profitable will bo pteservod 
natuially selected. And here the importaooe of iho (irincipli 
benefit derived from divci^nce of cliamctcr comes in ; for this 
gnncrnlly lead to the most diSerrnt or divrrijcfil vsriafions (i 
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t CuAP. IV. Natural Sekclion. ijr 

Eenlfd by Uid oilier dotted lines) being iitcMrTcd nnil accnniulnlcd 
\iy naliiral EcIectioD. When a dotted liuo rcocbes odo of the Lorl- 
tontal lines, uid U thera marked by a srnnll numbered letter, n 
sufficient amouDt of fariation U sapposed to bave been accumulated 
lo funa it into a fairly well-mnrked v»ricly, audi a« would bo 
lliougbC wortliy of recoid in a ajslematic work. 

The iotervuls between the hoTizoQtal lines in the diagram, mnjr 
reprewnt each ft thoasnr^ or more gencnitione. After a thousand 
gcuctationE, gpecics (A) is supposed to hare produced two fuitly 
wcU-nuuked viuieties, namely o' and m'. These two varieties will 
•jeDsmlly still b« exposed to tlie sarae conditions wbich mada their 
parent* variable, and Che lendoncj to variability is in itgolf heredi- 
tary; oonjeqiiently they will likcwiso tend to vary, and commonly 
in nearly the same manner as did Ibeir parents. Moreover, tliese 
two varieties, being only slightly modified forms, will tend to inherit 
tboM ftdvtuitAges which mode their parent (A) more numerous than 
[QlMt of the other inhabitants of tbe same country ; they will also 
partake of those more general advantages which made the genus to 
vihidi tbe parent-species bchinged,a large gcniis in its own country. 
And all these circuu stances are favonrable to tbe prodnelien of new 



If, then, these two varieties be vftTiable. the most dirergcnt of 
their Tatiations will generally be preserved during the next thousand 
generations. And after this interval, vnriely a' is supposed in the 
diagram to have produced variety o", which will, owing to the prin- 
ciple of divergence, differ more frota (A) than did variety u<. 
Variety m' is snppoeed to have produced two varieties, namely m* 
I and 1*, diScring from each other, and more cousideiably from their 
I common parent (A). We may continue the process by similar 
I *I('ii« for any length of time ; some of tbe varieties, after each 
i thoiisiui<l generations, producing only a single variety, but in a tnnro 
no modified condition, some producing two or tbreo varieties, 
ae (ailing to produce any. Thus tho varieties or modiiied 
I of tho common parent (A), will generally go on 
I Incrawing in niunber and diverging in character. In the diagram 
\ tho piocoai Is represented np to the ten-thousandth generation, and 
I ondcr a eondenscd and simplified form up to the fourlcen-thonsandth 
genmtion. 
' Itut I Dnwt here remark that I do not suppose that Iho jTOO-'fa 

ever goes on so regularly ss Is niprtseuled in tlio diagram, thuugh in 
ilidf tnado loroowhat irregular, nor that it goes on continuously \ il 

Ib iu more prubablo that each form remains for \m% periods iinnl- 
Icrwl, nud then sgala undergoes modiScalion, Nor do I tiippow 
k a ^ ■ ■' 
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tliat tho most divnrgent Torictica aro jnvarinlily prcBorved: « 
mediam funn msjr oflcn loi^; endure, and U1117 or may not produeo 
mora Ihan one modified deaceniianl; for nnturel selection will 
nlways act according to the nature of the plaocs which aro eithpr 
unoccupied or not perfectly occupied by other beings ; ftod this will 
depend on infinitely complex relntionft. But as a general rule, th* 
more divoraified in Btruetura the dtvcendants from any one specie! 
ai,a be rendered, the more places tbey will be ooabted to aeiia on, 
find the more their modified progeny ivill increase. In our diagram 
the line of succession is brolicn At reguUr iuteraila by amall ouoi- 
bvnd letters marking the auccessivo ftnini which bave becocna 
BufBcicntly distinct to 1» recorded aa variclies. But tlicse break* 
are imaginary, and miglit have been inscried anyirbere, After inter- 
vals long enougli to allow the accumuhitiun of a coniiidcrable amotint 
of divergent variaiiou. 

As all the modified deacendantg from a common and wlddy- 
dilTused apecies, belonfnug to a Uirso genns, will tend to ptrtako 
of the same advanUgcs which made their t«renl sticceasfnl in 
life, they will generally go on multiplyiiig in number u well a* 
diverging in character: this ta rcpra^ntod in tho diai^Tam by tha 
several difergent brarwhea proceoding from (A), llie loodified j 
otispring from tho later and more highly improved branches in tlie | 
liucu of descent, will, it is probable, often take the place of, and m 
destroy, the earlier and less improved branches : this U represented 
In the diagram by soma of the lower branches not reaching to the 
iipjier horizontal lines. In sotao cases no doubt tho proceM of 
tiiiKliflcatlan will be confined to b single line of descent, and the 
number of modified descendants wil! not be increased; nlthoiigh 
the amount of divergent modiflcntion may hare been angniented. 
This case would he represented in tho dii^mm, if all tho linos prc>- 
ceeding from (A) were removed, excepting that from a' to a**. In 
the same way the English race-horse and English pointer have appa- 
rently both gone on slowly diverging in character from their original 
stocks, withoDt either having given off any fresh breaches or races. 

After ten thonsand generations, tpcdes(A)is supposed to hai'a 
jiroduccd three forms, a",/", and ni", which, from having divugcil 
in character during the siiccessive generations, will have come tu 
ditTer largely, but pcrLajia unctjually, from each other and tfsm. 
■ heir common psri/nt. If we suppose the amount of change he- 
Iwcen each borlEoutal line in our diogmm to be excessively amalt, 
those three forms may Kill be only well-marked varieliog; but wo 
have only to suppose the steps in the process of modificilioit to ba 
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into doabUul or at last into well-defiuod Eptcius. Thus the dlagnun 
itIuMraM the sLcpa by nbich tho sm&ll diflerencca diBtingQialiing 
T«netiM ftre incroased into tlio larger dificreoccs dislingnishing spe- 
cie*. By oontiniiing tho uihq process for a groater number of gmiD- 
ratktu (aa thown ia the diagram in a condensed and rimpuricl 
numiiFr), we get eiglit apecica, marked by Uio lettcts botwecn n" 
■ad m'*, all descended from (A). Thus, as I believe, Epccii^ u\ti 
niultipUed and gonera are formed. 

In a large genns it is prcibable that more tlinn ono Epr^ics wouKl 
varjr. Id tb« diAgmm 1 h^ive assumed tliat a sucoud sjiecics (I) Iiil» 
produced, by analogoas ttepB, aHer tea thoustuid g(>neratioDS, oithrr 
two well-marked Tarietles (m" &nd z") or two spocjos, according lu 
lli« wnoimt of change sappogeii to be represented betireen the hori- 
lonbd linea. After fourtocn thousand gi,-nerat!on«, six new specicg, 
(norlud by the letters n" lo x", aze supposed to have been prodnoed. 
In any geniu, the epedca which arc already very diOerent in cbn- 
™ct«r from each other, will generally tend to prodnce the gmitwt 
Domber of modified detccndonta ; fbr thesa will have the best 
chance of Kuing on new and widely dlfTemnt places In the polily 
<A nulnre : beace in the dia^am I hiivB cliosoa Iho extreme specim 
(A), and the nearly extrDnic ispocics (I), as tlioM which have largely 
Tui«i), and have given rise lo new vDrictiea and species. Tlio other 
nine »pccio* (marked by capital letters) of our original genas, mny 
for locg but unequal porioiU continue to transmit unaltered de- 
wcndinla; and this is shown iu tho diagram by the dotted lincx 
undiilnUy prolonged npwanla. 

But dttring the proctss of mcHilicition, represented in tbe dia- 
gnUDiSDOtlierof otu' priDci[>Ias, namely that of extinction, will liave 
pUytd an imporUutt part. As in each fully stocked country natttral 
■eltetioa BeceMarity acts by iba selected form having someailvan- 
tagt in iba ttmggle for life over other futms, there will be a constant 
\9Amef in the improved descendants of any ons species to suii- 
|itsnt ■lid cxtnrminate in each st!^ of dcECf nt their predeccssoni 
*nd tlieiT original progenitor. For it should bo remembered tbat 
Iho compslition will generally be most seTero between thoM fbmis 
which an meat nearly related to each otlier in habits, constitulion, 
sod (truoture. llcnco alt tbe intcrrncdiate forma between tbe earlier 
and later stoUs, lliat is between tbo less and more improved stat«a 
of tbe Kuue species, as well aa tbo original parent-species itaelf, will 
Kaneiklly tand l>i bocomo extinct ^ it probably will bo with many 
wiioU collateral lion of deccent, which wilt bo conquered by later 
and itnprand lines. If. howovor, the modiScd oflspring of aapaciea 
« distinct country, or become quickly adapted to Dome 
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HuUe new BlalioQ, in vbich oOipriiig and progeiutor i 
iiilo competitioQ, botli majr oontiaue to taMX. 

ir, tbcn, our diagram bo aaaumeil to rcfircseut a 
amount of modiScation, species (A) and ali the eaj-tier vurlBttcs will 
liave become citinct, being replaced by eight now ipccica (a'* to 
ni"); and Epeciea (l)villbo replaced by six (n" toi") oewspeciM. 

liut wo may go furtliEr than this, 'ITio original specie* of our 
genua nero supposed to resemble each other in unequal degrees, 
ia so geDemlly the caae in nature ; species (A) being more nrarty^ 
related to B, C, and D, than to the other species ; and species (Ij 
more to G, H, K, L, than to Ibe otliera. These two spedea (A) 
(1) were also supposed to bo very common and widely diffui 
species, so that thej tnust origioallj have bad some sdvnutagi 
most of the other species of tbo genus. Thsir modiiicd desceudaii 
fourtcca in number at the foort^en-thoosandth gencrsltOD, 
probably have inhented some of the same advantages: they havo 
also been roodiGcd and iroprored in n diversilied manner at each 
Blage of doacent, so as to have become adapted to miiDy relntcd 
places in the natural economy of their oouutry. It seems, thcrorore^ 
exlremely probable that they will have taken the places of, nnd 
thus eilenninated, not only tbeir parents (A) and (I}, but likewiw 
seme of the original species which were most nearly related 
liarenls. Hence Tcry few of the original species will h»vo trans- 
mitted oETspring to the fourteen-lboasandlh generation, 
suppose that only ooc (F), of the two species (E and F) which 
least closely tclnled to t)ie other nine original specica, has 
milted descendants to this hltc stage of descent. 

The new species in our diagram descended from tbo ongitnl 
olcrcn species, will now be fifteen in namber. Owing to the diver- 
gent tendency of natural selection, the extreme amount of diETerence 
in charncler between species a" and i"* will be much gmter than 
that between the most distinct of the original eleven vpecin. Tlie 
new species, inoreoTcr, will bo allied to each olher in a widely dif- 
ferent manner. Of the eight descendanta from (A) the three marked 
"". s"*' p"i *''l 1* nearly rclnted from havinj; recently branched 
from a"; (".and /", frombsvln^divergedat anearlierperiod " 
it',willbein some degreediattnct from the three first-named i 
nnd lastly, o", «", and m", will be nearly related one to tlK 
but, from having diverged at the first commencement of the 
of modification, will Iw widely different from the other five i 
ond may constituto a sab-genus or a distinct genus. 

's descendants from (!) will form two sub-genci 
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,iual Bpecica (I) differed largel}- fcvm (A), adandiq 
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f at tlie extranio end of the original genua, Ilia sii doKcnduits 
tiy irill, owing to iohariiimce nlone, dijr«r coQiudorsbly from 
ht dcaeoudnnta fjom (A) ; tlic two sroups, moroorer, nre 
i lo liave gone oa divei^ing ia diOcrent direclioua. The 
iotermeilUle ei)«cie«, also (aud Uila la a very iniportiuit considera- 
liua), wliich ootmect«d the orlginiil spocicB (A) uid (1), bnve >U 
btcomo, exoepting (P), cxtitwt, Hnd Ukvo left no deBccndnnti. 
UFDoe the six new sjMcica dvsc^ndoil rrom (1), and the eight do- 
mnded from (A), will bavo to ho ranked as very dutinct gcnoni, 
or even as dutinct sab-fAiuilicft. 

Tliaviti^aa [ believe, that tu-o or more genera aro produced 
liy diwoent with modiiiealion, from two or more species of the somo 
^(iiiiis. And the two or taoro parcnt-epecies are supposed to bo 
dnceuded &Dm iwiiic one species of an earlier gtniu. In our din- 
Cnm, thw i* indicatod by the broken lines, beneath the cnpilnl 
Ictlcrt, eoDVer^ng in aub-brsDcbea don'nwiuiis towards a eingio 
jAiiot ; thli point rcprcscnta a g]Kcics, the supposod progenitor of our 
sovenl new sub-genors and gencm. 

It ia worth while to rcHoct for a moment on the character of tlio 
new species p", which is supposed not to have diverged much lii 
choriiclcr, but to have reluned the form of (F), cither unaltered or 
altered only In a slight degree. In this case, its afBuitics to tho 
other fotirt«ea now ejicclea will bo of a curious and circuiloos nature. 
Ueiiie detccniloil Irotn a f(vm which alood between the porent-epecies 
(A) Mti) (]), now auppoaed lo be extinct and unknoivn, it will bo 
in wotat d^icc intermediate in character between the ttro groupB 
deacetidcd frnu thceo tn-o spucica. But as these two groupa have 
gone on divn^lus in character from the type of their paienls, tho ' 
new apocies (r"J will not bo directly interiuediate between them, 
butntihcr between types of (be two groups; and every naturaiiat 
trill be able to coll auch cases before hia mind. 

Iji the diaxram, «ach horizontal line has hitherto been supposed 
L tlunisand gcorrationa, but each may repccutul n 
T more genumtiona ; it may also represent a section of llio 
'e tbnia of the earth's cmat including extinct rcioaini. We 
shall, when we come to our chapter on Ocologj-, have to refer again 
lo this luliject, and 1 think we sluill then ace Ihnt the diagcnni 
tlirowi \\]f\il uD Uk) atUiiitli'i of extinct beini;s, which, though gcnr- 
rally boloagins to tho sama orders, [amiUoa, or genera, with those 
Mm living, jot are otlea, in some degree, intfrmedinlo in character 
t>«tw«en eiiatiug grouii!; and we can UDdcnitind this &iOt, for the 
■itioct special UvoU at various remote rpoclis trlicn tlie bnuK)liii;g 
lines nf descent liod divergcxl Icm. 



Kistilts of the Action of 



I see no reason to limit tlie jnvccsa of modilicatiDn, as rum ex- 
pluned, to tho fonnation of genera dIoiio. JF, in the diagram, wo 
mppoeo the amouDt of chaogo tcprctcctod by each auccessive group 
of diverglDg dotUd liocB to be great, tho forms marked a'* to j^ 
ihose marked i" and/'*, and those marktd o" I 
three Ter; distinct gencm. We abail also hnve two very diatj 
genera descended from (1), differing widely from the desceiula 
of (A). These two groups of geAera will thus form two disti 
families, or ordeis, according to the smomit of divergent modi&c*- 
tioQ supposed to be representod in the diagram. And the two new 
families, or orders, are descended from two species of the original 
genos, and these ore supposed to be descended from some stiU more 
uncient and unknown form. 

We have bccd tlint in each country it is tho species belonging 
to the larger genera which oftenest present Tarieiics or incipient 
species. This, indeed, mi^t have been expected ; for, as nati 
Belection acts through one fortn having some advantage over 
forms in the struggle for existence, it will cLiofly act on those 
already have some advantage; and tho brgonesa of any 
ihowi that its species have iuhorited from a common anceitor 
■drantage in common. IIcdcg, the struggle for the productioi 
new and modified dcsceodants will mainly lie between the ' 
gronps which ate all trying to increase in number. One large _ 
will slowly conqncr another Urge group, rcdace its niimben, 
tlios lessen tt« chance of further variation and imp 
Within the same large gronp, the later and more highly 
sub-groups, from branching out and seizing on maoy new plaoea 
the polity of Natnre, will constantly tend to supplant and d* 
the earlier and less improved sub-groups. Small and broken g 
and aub-groups will finally disappear. Looking to the tatam, M 
can predict that the groapa of oigauio beings which 
and tiiumphant, and which are least broken np, that is, which 
ui yet EuGered least extinction, will, for a long period, coutini 
Increase. Itut which groups will ultimately prevail, 
predict J for wo know that many groups, formerly most eitonuvc 
dovclopoil, have now becomo extinct. Looking stJU more rcmotelf 
to the future, n-o may predict that, owing to tho continued anil 
steady increaao of tho huger groups, a multitude of smailer groupi 
will become utterly extinct, and leave no modified descendants; 
and consoijaently that, of the specioi living at any one penoil, 
extremely few will transmit descendants to a remote futari^. 1 
shall liave to return to this subject in the chapter on ClassiGoatiao, 
but I mny mid that sn, acoordirig lo this view, extremely few of 
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more ancieBt Bp«ciei liave tniiEinitted desconduiU to Uis present 
(luy, ftod, u all ibe descenJanta of the aame ipecies form a class, v'<> 
rut imdcratand how it ia that there exisU eo few claaies ia cacli 
main diriuou oT tbc animal aod v^titablu kingdoms. ALthoiigh 
fuw of tbo most ancicDt species have toft iDodifietl dceccndniita, jai, 
Bi remote geological porioda, tlie earth mtij have been almost as 
well peopled with species of many genera, tamiliea, orders, aiiil 
cloiiw*, as at the present tiinc. 

On tA> Digrtt to v^iidi Ori/aiiiwtion Imdi to ailiianee. 
Katnral Selection acts cxclosivcly by the prcHirvatkin and occn- 
mnlatioa of Tonatbiis, which are houoficial under the oiganjc and 
inorgauic cosditioDs to which each creature is oKpoged nl all periods 
of llJe. lie ultimate nttnlt is that each crcsturo tends to become 
luora and more improved iu relation to its conditions. This iin- 
jirovemcDt ioevilablj' leads to the gradual advancement of Ihid 
organbation of the greater noroher of living beings throughout tlu- 
world. But here wo enter on a very intricate subject, for naturalitls 
lutrs not defined to each other's satisfaction what is meant by ati 
advancQ in organisation. Amongst the Tcrtcbiata the degree <•! 
int«lkct and an approach in stfucture to man clearly como iuto 
jilajr. It might be thoDght that the amount of change which the 
wiou* parts and organs p^ through in tbeir derelopmeot from 
tbo embtfo to maliuity would suffice as a standard of comparison; 
but tluxe tre cases, as with certain parasitic crustaceans, in which 
neveial parts of the stmctore become less perfect, so that the matt^ro 
animal catmot be called higher than its krvo. Von Bacr's standard 
■corns tho most widely applicable and the best, namely, the amount 
of differentiation of the parts of tbo same organic bcinsi in thu 
adult state as 1 should be iuclioed to add, and their specialisn- 
tloii for difflorrnt functions ; or, as Milne Edwards would express it, 
ti'o compleleiieai of tha division of physiological labour. But we 
tliall SCO how obscure this subject is if ~WD took, [or instance, to liahes, 
Btiioopt which some naturalists rank those as highest which, liku 
llie shark*, ai^iixiach uturi'St to amphibians ; whilst other Daturalisls 
tank the oonunou bony or teteosteaa fishes n« the highest, inasmuch 
aa ihny an most strictly fish-tihe, and diOcr most from the olh«r 
Tvriebrale classiaL We wo still more plainly tho obscurity of the 
subject by turning to plants, amongst which the standard of intcl- 
loct is of course quite eicludedi and here some botanists tank those 
pUats as higbcit which have evci; orpui, as sepals, petblf, stamens, 
ud ^alila, fully dercloped in tach flower ; whcna« othnc botatiiiU, 
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jmlably wiili more tnitb, U»& at the pknti which hAvo t 
•ercRil orgiuis much modified oaA r«'tl.««>l in niiiiiticr u t 
liiglicst 

If we tuke as llic BUttdsTd cf hi^^h urgiuiisatinn, tlie ftmoont a 
diffcreDliation util ■pGcUluation of Ilic sevenil orgniM in 
nhon oduU (luid this will includo tho Bdvaucemunt of tlis bnun f^ 
inlellectuftl purposes), nitural Bclcclion clearly k-flds lomrds t' ' 
■toadsrd : for all phyiiolosiaU admit that the special isstioi^ororsan^ ' 
inasmuch u in this stale thoy pcrfunn Iheir futictioos better, is an 
advantage to euch being \ oud hcnco tho accumulatioa of variatiuna 
tuDdiog towards Bpccinlisatiua is withia the scope of natoml eeJaiv 
tioii. On the other hand, we can boo, bearing in mind tliat aU:| 
iirgnnio being* oro striving to increase at a high mllo and t< 
every uuoccuiMed or less well occnpied place in tho eco 
iixlurc, that It u i\\iUq poBsiblo fur natural selection gradully lo B 
a being to a situation iu vrblch severaLorgans would be luperfliu 
M useless : in snch cnses there nould bo retrogrcBsioa in the scale d 
Orgtuiaation. Whelbor orgaaisation on tbo nholo ho* actURll* 
ndranced front llio remotest geologicnl periods to tbo present d 
will be mora canveulcntly discussed in our chapter on Oeolog* 
Soccessioii. 

Hut it may be objected that if nil or^nic bcin^ thui tend > 
rise in the scale, bow is it that througiiout the world a maltllads 4| 
the lowest forms still exist ; and how It it that in each great cl 
aome forms are far more highly developed than olbert? Why b4lj| 
not tho mom highly developed forms cvcrywiicre suppUotcd ■] "" 
extonninaud tho lower ? Lamarck, who believed in on innnlA ■! 
inevitable tendency towards pcrfoction in all organic beingi, w 
to Lavo felt thit diOieuhy so stroDiily, that ho was led to si 
that new and simple fornis ore continually being produced by q 
laneous generatioiL ^ence has not ss yet proved the truth tf' 
thia belief, whatever the future may reveal On our tbeory tba 
continued existence of lowly orgnnisma ofTers no difScally; for 
nalunl selection, or the survival of tbo fittest, does not necetaarily 
include progressive developtnent — it only takes advantage of ludi 
variations as arise and am beneficial lo each creature under its com' 
pies retations of life. And it may ba asked wbU advantage, as &r 
M wo can see, would it bo to an infuaorian animalcolo^lo an in- 
lestinal worm— or even to an carlb-worm, lo bo highly organlsvd, 
ir it were no idTOolage^ these fomis woold bo left, by natural selec- 
tion, unimproved or but tittle improved, and might remain for 
indolinito ages in their present lowly oondillnn. And geology tills 
US tbat aome of llio lowest form', ns tlie inruwrin and rhixoinia, 
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period in nearly their present atnte. 
But to lOppOta tiwt most of Ihe roaDy now eiuting low fornu liave 
not in thA least adviuiccd since tbe first dawn of life would be 
extremely ra^ ; Ux every naturalist who Has dissected some of llie 
being! now rkuked as very low in the scale, must barn been struck 
nilb their nsily woDdcous and beautiful organisatian. 

Nearly the tame romarks are nppUcable if wo look to the dlGbrorit 
ifrades of orgviisatian within tha same great group; for instanci^ 
in tlw Tiotehnta, to the coexistence of mammals and fish— amongst 
mammalia, to the co-ciisionce of man and thsormthorhynchue — 
amon^ fishe^ to the co-eiistpnco of the shark and the laDC«l«t 
(Amphloxnj), which tatter fish in the extreme simplicity of ila 
stnictnre approubet tho invertebrate classes. But mammals and 
fuh budtyctnno into competition with each other; the advance- 
mtnt of the whole class of mammals, or of csrtmn members in thii 
claM, to the highest grade woold not lead to their taking the place 
of fishtN. Physiologists believe that tha Imiin mnet be bathed by 
WBTO blood to be highly active, and this requires aerial respiration ; 
BO that warm-blooded mammals when inhabiting the water lie 
under a diKulvantage in having to come continually to the sur- 
face to broatbe. With fishes, membera of tho shark family would 
not tend to (nppiant tho lancelet ; for tha lancelet, as I hear 
from Fritz Uiillcr, has as sole companion and competitor on tlie 
fcAtma Mody thore of South Brazil, an anomalous annelid, llie 
Ihiea lowest orders of mammnls, namely, marsupiale, cdentata, and 
rodenta, c»«[i*t in Soutii America in tho same region with u 
roiu mcnkay^ And protmbly interrura little with each other. 
Altboogh OTgaaisation, on the whole, may Imve advanced and be 
Mill admidDg throughout the world, yet the scale will always 
preanit nutny degrees of perfection ; for tbe high sdvancemeni of 
ccrtalti wholt cUmm, or of certain members of each class, does not 
at ^I 111 rir ■TJIj leod to the extinction of those groups with which 
thry do not enter Into cleae competition. In some caMS, as we 
shall Iiereafl«r sm, lowly organised forma appear to have been pre- 
wrrod to tho present day, from inhabiting confined or peculiar 
OatiaiH, where they have been subjected to less severe oompetltion, 
and whore their Mwity numbers have retarded the chance of favour- 
abta rtrlatloiii arising. 

Finally, I believe ibat many lowly orRaoised forma now exist 
tfavagbont the world, ftom various causes. In some i 
tiao* or individtukl dilTercnces of a favoiuahle nature may never 
here afiKO isn natural selection to act on and oocumulate. In qo 
OM^ intMUf, haa time safficed for tho utmost possible unonnt of 




oertiofiaait. In lome few coses tbore bu been wbat we must etM 
retiogressioii of organisation. But the main caiue lies in th« Cict 
that imder verj timylo cooditiona of life a high org^itiaatioii would 
bo of no Berrica, — poesibly would be of actual disiemc«, oa bcin^ 
of a mere deUcat« oaLure, aad moro liabls to be put out of ordrr 
uui injured. 

Looking to the firat dawn of life, wben all orgauio bciu^ aa wo 
may believe, prcBenled t!io simplest stmctare, how, it bos bcca 
asked, could tbe first steps in the aiWancemcDt or differantiation of 
parts have aiiieu? Mr. liecbcrt Spcacer would probably answer 
that, as soon as aimple unicellular orgaoism cmno by growth or 
(ilviaioa to ba cotapounded of aareral cells, or became atlached to 
any (upporting surface, bis biw " that homologous nntla of any 
□rdn become differentiated in proportion as their relations to inci- 
dent forcea become different" would come into action. Bat m we 
liavB no liictB to guide us, speculation on the subject ij almost lUBleas. 
It is, however, an error to auppoM that there would bo do Stnigglo 
for eiiatoDce, and, coasequsDtlj, no natural leleclioii, until many 
forms had been produced : Taristioni in a sii^le ipeciM inhabiting 
an isolated atatioa might be boQc6cia], and thus tbe whole mast oi 
. individuals might be modified, or two distiuct form* might arise. 
But, as 1 remarked towards the close of the Introduction, no one 
ought to feol surprise at much remuning as yet unexplained on tha 
origin of species, if wo make due atiowance for our profound igno- 
rance on the mutual relations of the inhabilanta of the world at the 
present lime, and still more ao duiinj; past sge& 

ConBergence of Charaetrr. ' 

Hr. H. C Walson thinks that 1 have overrated the ioiportanco 
of divergence of character (in which, however, he apputnttj 
beliuvea), and tbac convergence, as it may be collod, has likewiM 
played a part. If two species, bvlon^ng to two distinct though 
aiiied genera, had both produced a large number of new snd diver- 
gent forms, it is conceivable that theso might approach each other 
so close); that they would have all to be classed under the tame 
genoe ; and thus the desccndanta of two disttoct genera would ooa- 
vergelntoone. Butitwouldinmost cases be extremely rash to attn- 
bute to convergence a cicee and general similarity of structure in Iha 
modified deaceudants of widely distinct fbrmt. The shape of acryslal 
is determined solely by the molecular forces, and it is not surpriaiog 
that diuimilar substances should sometimoi auume the suue fonu; 
bnt with organic bciogt wc should bonr in mio>l timt the form of 
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I tach depends on an iofinitnde of complex Klations, nsmcty on tlie 
I nriftlioiia nhich have arisen, tbesB being due to causes far too 
I'liitnMis to bo followed out, — on the natare of tlia viriations which 
B been pres^red or selected, and this depends on the suiroond- 
; physical Mmditions, uid in & etiU higher degree on the eur- 
<icgBQisms iritb which oach being bos como into compcli- 
id lastly, on inhentkuce (in itself a fluctnatiag element) froni 
~ e progenilon, ail of which bare had their forms dolPr< 
d throngb eqnally comptei rclationE. It is incredible that the 
'inti of two orgaDiams, which had originalljr differed in ii 
ler, ahonld ever afterwards converge so closely as to 
lead ta a near approocb to identity throughout their whole organi- 
KatioD. If Ibia bod occurrod, we ebonld meet trith the came form, 
independently of genetic counection, recurring in widely separated 
geological bjmutioQii ; and Itie baknca of evidence is opposed to 
iny SDcfa an admiasion. 
Hr. Wotaon haa also objected tliat the coatinued action of natural 
lection, together with divergence of character, would tend to make 
lenumbcr of apcciSc forms. As far as mere inot^anic con- 
ed, it secoia probable (hat a HiilEcieDt number of 
1 become adapted to all considerable diversities 
if bnU, moiGture, frc ; but I fully admit that the motna] relations 
re important ; nnd as the numtier of sjjedcs 
1 any country goes on increasing, Ibo organic conditions of lire 
muil bceoroe more and more complii. Cousetiueotly there seetn* 
at lint nght no limit to the nmount of proSlable diversification of 
I •tmclure, and therefore no limit To the number of apcciea nliioh 
I Might be produced- We do not know that even tbe moet prolific 
IS fully itoclied with specific forms : at the Capo of Good Ho|>e 
1 in Anstralia, which support such an utonidung number of 
, many European ptaol« bavo become naturalised. But 
nlogy ahows vs, that from an early part of the tertiary period the 
ir of species of shells, and that from the middle part of tliia 
> pedod the number of mammnla, has not greatly or at all 
lacreaasd. What then checks an indefinile increase in the number 
of ajic^? Tho amount of life (I do not mean Ilie number of 
apeolfio Jonns) supported on an area must have a limit, depending 
so laisely a* it does on physical conditious ; thoraforo, if an area be 
tnbabiud by very many species, each or nearly each species will W 
npnatnted by few individuals; and such species will be liable lo 
atenninatioQ from accidental flucluattona in tbe nature of the 

EOT In Um number of their enemies. The pnxxai of eMermi- 
la lOcb MS«s wc*M be rapid, wbmuis the prodacticn of nev 
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nlniyi Imduw, Iina^no theextrrmeaiMoruiiunr 
i|wt'iiM M IndivMukU in Knsland, and tha &nt Kvere winter or 
111 pxleminito tliouiutnda on tboiuiDds of 
nud oacli tiiecisi will beoome rare if the 
iiy cfliin'ry IwcomM ludeiinitely inctenscd, 
U'Q cxiilaincd, pnacnt wilhin a given period 
<; cuoaequeuiiy, the procns of giving Virth 
h> M* i>i«\Hi^ t<nu« muntd Ihu bo rvUnlrd. When hi; (ptdca J 
W08«Wi WM; l»Nt ^nm UitMUwduis will help to cxtcnninato U j J 
Mktto* k«v« tkiMckl Uat lUi owm into pUf in ftcconnUng ft 
iWMlriHWiM gf Oi AttKchi la UthuanU, o( Bed Doci in Si 
kw<MlnrilniilkN«nn7.*a- LwOj. and thi« Iamb 
«tthMbiWNMil tapirtiMalHMU,aaaBaBuiivMiM, 
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KiTBtioD, or tba EurviFal or the fitteEt, I bitTe called Natuml 
Selcatiou- It Ictuls tu the imprDvement of eacL cloture in relation 
Id lU organio aod ioorgauie coadiCiona of lifo ; and coniaqDenlly, in 
most caws, la vrluib mutt be ragnrded as an advanca in orgnnisation. 
NererUule*!, low and simple fanna will loDg cniiure if well filled for 
fluii simple cooditions of life. 

NatunI selection, on tho principto of quntities being inherited nt 
OTmcpoDding a^e, can modif; the eg^, seed, or jonng, as cusil; 
ai the Miatt. Amongst many animals, soinnl selection will havo 
given its ud to onlinary selection, by assuring to the most vigorous 
and bnl adapted males the greatest number of oSspring. Sexti.tl 
•cleciioQ will also give cboraclcn useful lo the malos alone, In tlieir 
straggles or riialiy with other males ; and tbese cbomclcrs will be 
tnnamiKoil to one sex or lo both sexes, according to tbe fonn of 
inheritAnce which prevails. 

Wbetfaci natural selection bos really thus acted in adapting Ihe 
TSrioos fonns of life to their Ecvcral conditions and stations, muitt 
be jodged by the general tenor and balance of evidence given in the 
following chapters. But we have already seen how it entails 
•itinctioQ i and how largely extinction has act«d in Ihe vrorUI's 
luslcirj, geoli^^ plainly declares, Natural seieclioo, also, lends lo 
divergeDce of character; for the more organic beings diver-:e in 
•tractare, habits, and constitution, by so noch the more can a largo 
DUmbcT bs supported on the same area, — vt which we see proof by 
looking to tbe inhabitants of any small spot, and to the produclioita 
natnralisod in foreign lands. Therefore, during the modification of 
UiedcacendtntsofanT one species, and daring the incessant stnig!;lu 
of *ll STQcies to increase in numben, tbe more diveislficd the d^ 
MomlanU bscomes tbe bettor will be their chance of saccess in thu 
tatthi l«T liie. Tbos the small difTirenctH distinguishing varieties 
o( tba satns species, steadily tend to increase, till they otual tbe 
greater d)flct«nce« between spcciea of the aauo genus, or even of 
distinct genera. 

Wo b*Te aeon that it is tbe common, tbe nidely-diffused, ani! 
i^idely-ranging sjiocics, belonging to the larger genera within each 
wbidb vary most ; and tlicee tend to tmnsmit to tbeir modifird 
' ig that superiority which now makes thcro dominant In 
intticB. Natnral aelodioD, as has just been remarked, 
divergeooe of character and to much extinction of the less 

ipioved and intermediate forms of life. On these principle*, the 
,re of the adiniti^ and the generally well-defined distinctions 
Iha iannmenble orpuie beings in each class throngboM 
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species must aUays bcElow. Inuigiiie the eitrcmo ouo of ai numy 
upcciea as indivijuala in Englfttid, and the first tevere winter or 
very dry aummcr nonld eiterminalo thoustuidg on thoDsaods of 
upccies. Itare Hpacics, and encb species vrill become rare if the 
number of gpeciea ia ftoy country becomes indcfinitoly incretscd, 
will, on the principle oftea expUincd, preeent within % given period 
few favourable variations; cousoquoutly, the process of giving blrtli 
to new ipecific (brms would thus be retarded. Wlien any 
becomes very rare, close iaterbreoding will help to extcrminBte ilj 
authon hive thought that this comes into play in accani) 
the deterioralion of the Aurochs in Lithuania, of Itfd Deer 
land, and of Bears in Norway, &a. Lastly, and this 1 am incli 
lo thiuk is the moat important cloiucat, n dominant 
hoi already boalea msny competitors in its owti home, will tend 
spteod and supplant many others. Alpb. do Candolto hai ahowa 
tliat those species which spread widely, tend genenlly lo spread 
«ry widely ; consequently, they will tend to supplant and eilcr- 
luiuatc several species in several areas, and thus check the inordinato 
locreaae of specific forms throughout the world. Dr. Hooker has 
leccutly shown that in the S.B. coruor of Australia, nhen^ appa- 
rently, there are man)' invaders from different quarters of the globe, 
the etidoniic Australian species have bi>ea greatly reduced in number, 
liow much weight to attribute to these several consideraUont I 
will not pretood to say; but conjointly they must limit in each 
country the tendency to an indcfinilo au^ent-ition of fpedtic 

Summary ^ Cha]>ttr. 
If nndor changing conditions of life organic beings present iudlvi- 
ilunl diSercncta in almott every part of their structure, sud this 
cannot be diapntcil ; if there be, owing lo their geometrical rale of 
increase^ a severe struggle lor life at some age, acosoo, or year, and 
this certainly cannot be diipated ; theo, consideriog the infinite 
compleiity of the relations of all organic beings to each other and to 
their conditions of life, causing an infinite diversity in structure; cdu- 
!iIitution,Bnd habits, to be advantageous to them, it would be a mot 
extraordinary fact if no variations had ever occurred useful to each 
licing's own velforc, in the same manner as so many variation* hava 
iiccurred useful to moa. But if variations useful to ooy orpuik 
being ever do orcur, assuredly individeoU thus chaiacttttised will 
luive the best chance of being preaerved in the struggle for life ; 
and from the strong principle of inheritance, these will tend Ip 
priducn offapiing smiilatlj chsncteriscd, Tliia principti 
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■erTBtion, or the itirvivol of tbo fittest, I bavo called Natuinl 
Seloctioo. It Icada to the improvemeDt of each crmCura la relattgn 
to tt« organic and iuorgaulc cooditions of life ; and corisequentljr, in 
oi(«t CMCS, to what muAt be Tegacded ns an advance in or^nisatinn. 
XevorllietpBs, Ion aDd simple Sotxat will long endure if %Tell filled for 
tlieir cimple coodilioiiB of life. 

Natural aelectioD, on the principle of qualities being inherited at 
mneipaiLding ages, can modify the c^, aeed, or J'ouiig, as euily 
aa the) adulU Amoogat many animals, anaol selectiaa will Lavo 
given ita aid to onlinary eelcetion, by assuring to the most vigorous 
and beat adipud mules the greatest number of offspring. Sexual 
Klrction will also give cburncters useful to tbo mal» alone, in tlieir 
Ctnigsles or rivalry with other males; and these cbancters will bo 
tranamilled to 000 sex or to both sexes, according to the form of 
uihcriionce which prcvalU. 

Wbelhcr natural selection has really thus acted in adapting the 
various foiros of life to their several conditJoaa and stations, ninsl 
be judged by the general tenor and balance of evidence given in the 
following chapters. Bnt we have already seen bow it entails 
exUuclion ; and how largely extinction has acted in the world's 
UrNoty, geology plainly decl&rea. Natural selection, fdso, lends (u 
direigieiica of character; for the more oi^nio beiogs diverge in 
Btmctuj«, habits, and constitution, by so much the more can a large 
noinhci be supported on the lamo area, — of which we see proof by 
loolcing to Ibe inhabitants of any small spot, and to the productions 
DBluraliied in foreign laods. Therefore, during the modtficatioa of 
thcdeMendanteofany one species, and daring the Incesiant slniggie 
of all species to increase in numbers, tho more diversified tho dA 
•Mndanta bicome, Iho bettor will be their chance of success in the 
bulla (or life, 'i'lins the small differences distinguishing Tari«tieB 
of the Mme ^Kiciea, steadily lend to increase, till they equal the 
|nM« difimnoos between spccius of the some genns, or even of 
diatlnet geonrs. 

Wa bkve Men tliat it is the common, the widely-difTnsed, and 
widelj-fiagi^ apecies, belonging to the larger genera witliin each 
dMS^irtlidiTMy most; and these tend to transmit to their modified 
offflviDg that luperiurily which now mskos thcra dominant in 
their own coantrius. Natural selection, as bos just been remorlced, 
load! lo divBTgcnoB of character and to mui^ extinction of the less 
iMpmred and tnlarmcdiate forma of life. On theso principles, tho 
Htnrsor tbs affiniiie*, and tho generally welt-deHncd distinctions 
tiw iimuroenible orgMilc beings in each class ihrougboM _ 
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llio world, Dwy bo eiplwno!. It is ft tniiy woiidcrriil fact — the 
wonder of whicli wo ate apt lo overlook from lamiliarity — Ihat alt 
Bnimals nod all pUnta Ibroughoat all time and Epnce should be 
reflated la each other in groups subordioato to gronpa, ia tbe manlier 
whieh we everywhere behold — naaiely, varieUes of the BBme Bpccies 
moat closely related, species of lh« same gcniu less closely and 
nneqaftUy rekled, formiitg wclions and sub-genera, apecie* of 
distinct genera mucii less closely related, and genera related in 
diflerent degrees, fonning Bub-faruilics, families, orders, sub^laasct, 
and cloesea. Tb& several suboidinate groups in any class cannot be 
ranked in a singto file, but seem clustered round points, and these 
roiuid other points, and so on in almost cndiess cycles. Jf species 
had been independently created, no explanation woald hare b«en 
possible of this kind of clasaiScation ; but it is eiphuoed thmugii 
iuberitancti and the compicx action of nntuml selection, entailing; 
eitinclioD and divergence of character, as wo have seen iUuslratcd 
in the diagram. 

Tbe affinities of nil tho beings of the snme class liave sometimes 
been repreaonted by a great tree, I believe tills simile largely 
B|ieaks the truth. Tbe green and budding twigs may represent 
existing species; and thteo produced during former years may 
represent the long succession of extinct species. At each period of 
prowth all the growing twigs have tried to branch ont on all aides, 
nod to overtop and kill the aurroundti^ twigs and branches, in tbe 
same manner as species and groups of spedcs have at all times 
□rcnnaslcred other species in the great battle for life, llie limba 
dividM into great braiicbeH,aad these intolesserand lesser branches, 
^cre themselves once, when the tree was young, budding twigs; 
end this connection of the former and present bods by tamifying 
branches may well represent tbe classificalion of all extinct and 
living species in groups subordinate to groupa. Of the many twigs 
which Bonriahed when the treo was a mere bush, only two or three, 
now grown into great branches, yet aurviva and bear tbe other 
branches; so with the epccies which lived daring long-past geolo- 
gical periods, very few bare left living and modified descendants. 
From the first growth of the tree, many a limb and l«»Dch bas 
decayed and dropped off; and these fallen branches of various sicca 
may represent those whole orders, fnmilies, and genera which have 
now no living repreaentativci, and which are known to os only in 
fossil state As we hero and there see a thin atn^ling branch 
«pringitig from a fork low down in a tree, and which by iofna 
chance has been favoured and is still aUvs on iU ramimli BO m 
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occasionally see an animal like the Omithorhynchus or Lepidosiren, 
which in some small degree connects by its affinities two largo 
branches of life, and which has apparently been saved from fatal 
competition by having inhabited a protected station. As buds give 
rise by growth to fresh buds, and these, if vigorous, branch out and 
overtop on all sides many a feebler branch, so by generation I 
believe it has been with the great Tree of life, which fills with its 
dead and broken branches the crust of the earth, and covers the 
foriaoe with its ever-branchlDg and beautiful ramifications. 
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CHAPTER V. 
Laws of V^BiATioy. 

tSeslt of chnngeil coDdiliaiu — IJie and diiiue, tomUDcd wil 

Miection; organi of flight sud of rliion — AcdiinallHtian — CoTtetiM 
TBiiatioti — CoDipeiuatlOD uid edaiioia;^ of grawtb — F*Im oomliti«d( 
— Uoltiplc, radimeDtnrf, unil lowl; orgHDiKd ■traclum Tsriablc — 
Part* developed in aa nnuiual minoer are higblf TariabU: apecific 
dumctcn more larinbls tban generic: aecaBdary aeioal eharacLcn 
Tariable — S|>cctei of the nme genua vaiy in an akalogoua maiLDCC — 
Beveniou to Jong-lost cbamctera ^^ Sucmurf. 



1 lUTE hitherto sometimes Bpokun as iT tlia Turi&tionB — ho common 
and maUkfonn with organic beings under domesticstton, and in u 
Icsier degree with those under oatilro — were doe to cbiuice. lliis, 
of course, is a wholly incorrect cjprosaion, but it aerrea to »cknow- 
ledge plainly our igoarancs of the cause of each particalar Tsriation. 
Some antbors believe it to be &a much the funclion of the n^n»- 
duclive system to produce indiTJdaol differences, or slight deriatiaiis 
of structure), u to make the child like its pareuU. But the tict of 
variations and monstrusitica c»ccurtiDg much more frequently nuder 
domestication tiiau nuder uaturc, and the greater variability of (peciea 
tiaving wide ranges thaa of those with rustricted rstigca, lead to 
the coodusioti that Tariabitity ia generally leUted to the oondi- 
tions of life to which each species bos been cxpoted dnring *evcral 
successive generations. In the first chsptcr I attempted to sbotr that 
changed conditions act in two ways, directly on (hs whole organisa- 
tion or on certain parts alone, audiudir«ctly throng the rcproductira 
system. In all caacs thcro are two factora, the nature of die 
organism, which is moch the most important of the two, and llio 
nature of the conditioni. The direct action of changed cooditiODs 
leads to deBuite or iudefiuite reeulli. lu the latt«r case the organi- 
sation seems to become plastic, and we have much Suctuatlug rari- 
ability. In the former case the nature of the organism is such 
tbat it yields readily, when mbjected to certain coiiditioa% sod sU, 
or nearly all the individuals become modiGed in the aame war. 

It ia rcry difficult to dedds how lar changed conditions, a 
of climate, food, &c., have acted in a dr^Hnito ~ 



ms, mcti a^^^ 
. Then^H 



Ci\iJ 



Laws of Variation. 



107 






rcoMQ to believa Ihst in the course of time thn effects have bean 
grcater Uun can bo proved b; clear evidence. But we may safely 
txiDclude tbat the inaunier&ble complex co-AdaptatioDfl of stnioture, 
which He »eo throughout nature between varioaa organic beioga, 
cannot be Attributed aimplir to aucb action. In the [ollowing cases 
the conditioDB Mem to have produced aoms Blight deflDLlii effect : E. 
Forbea aaserta that shells at their touthem limit, and when living in 
•faaJlow water, are mole brightlj coloured than thorn of the tame 
BpcciD* &om further north or from a greater depth ; but tbia 
cortiiinl; don not alraja hold good. Mr. Gould believes that birds 
<if tha laine species ara more brighlly coloured Doder a clear atmoa- 
pfaere, than when living neai the coast or on idanda; and Wolluton 
is GOavincod that restdence near tbi sen aSects the ooloon of insecta. 
Uoqlua-Taadim gives a liat of planla which, when growing near ths 
•M-aWa, have their leavea in some degree flcahjr, though not else- 
wbcM fle^y. These slightly vaiying o^aoismi are intereating in 
as lar as thejr prtatnt cbaractcn analogous to those possessed by the 
tpiuei which are confined to aimihir conditions. 

When a variation U of the slightest use to any bein^, wc cannot leli 
how niucb to attribute to the accumulative action of natural aelectioo, 
ood how much to the definite action of the candilions of life. Tlius, 
it is well known to funieia that animals o[ the same species have 
thicker and batter fur the fuilbor north they live; bat who can tell 
how much of this diflercnoo may bo due to the watmesl-clad inilivi- 
duala haviDg been favanrod and preserved during many generations, 
and how much to. the action uf the severe climate ? for it would 
BjiptAT that climate has some direct action on the bair of onrdomes- 
Uo fuadrupedfi. 

ImIoum could be given of aimilar varieties being produced &om 
tb* MRW Species under external conditions of Ufe ns different as can 
wtJI ba oonceived ; and, on the ether hand, of dissimilar varieties 
hH&g fraduced under api«miitly the same external conditions. 
AfOin, tomiinerabls instAncea aiu known to every naturalist, of 
•peciw k««|ni)g true, or not varying at all, although living under 
the BOit <fporit« ctimales, Such considerationa as these tnclioe me 
to lay IsM weight on the direct action of the turrounding oon- 
djtiou, (ban on a tendency to vary, due to causes of which we are 
qdl« Ig&tm&t. 

In «u sanae the {omlitiona of life may be snid, not only to cause 
Tariabi&ty, cither directly or indirccliy, bnt Ukowise to Inoluda 
iMlnnl telcctkiD ; for the condilions determine whether this or that 
Tartoty shall surviTo. £ut when man is the selecting agent, 
flkuly see that tho two civmrnis of change are distinct ; variability 
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Effftts ff the iiitrtoxtd JJti and Bwat of Parts, as eontroUeJ 
l>y natural Settction, 

From tho facta ftlluded to la the fint chapter, I think there cat 
bo no doubt that use in our doDustic animals has str^gthcDei] 
aud oDhuged certain parts, aad disuee diminUbed them ; and thkt 
such modlGcatioDB uo inherited. Under free nature, we have no 
El^indard of comparison, by vbich lo jodge of the eSwta of long- 
continacd use or disuae, for we know not the poprnt-fonni ; bat 
many animala possess stnicturCB nliich can be best eiplaiocd bj 
the effects of disuse. As Professor Owen has remarked, there ia no 
greater anomaly in nature than a bird that cannot fly ; yet there are 
seietal in this stale. The logger-beaded duck of South Amoricn 
can oaly flap along the surfaco of the water, aud ha« its wings in 
neariy the tame Modition as the dcanestic Aylesbury dnek : it ia a 
remarkable fact that the young birds, according to Mr. Canning- 
ham, can fly, while the adults have lost this pcnrer. A* the larger 
ground-feedii^ birds seldom take flight except to escape danger, it 
13 prot»ble that the nearly wingless condition irf seTeral tritds, now 
inhabiting or which lately inhabited soTeral oceanic islands, tenanted 
by no beast of prey, has been eaoBcd by di9aB(\ The ostrich indeed 
inhabits eontincnts, and is exposed to danger from whidi it cannot 
GBCBpe by Sight, but it can defend itself by kicking its enemies, as 
efliciently as many quadrupeds. We may believe that the proge- 
nitor of the ostrich genus had habits like those of the bustard, and 
that, as the size and weight of its body wete Increased dnring suc- 
CBKsivo generations, iti legs were nsed more, and its wings leas, 
ontil they became incapable of flight. 

Kirby has remarked (and I have obserrod the same fact) that tho 
anterior tarsi, or reel, of many male dnng-fceiing beetles *re often 
broken off; be examined seventeen specimens in his own oollMtioo, 
and not one had even a relic left, lu the Onites apelles the tarsi 
ore so habitually lost, that the insc«t has been described as DOt 
haviDg them. In some other genem they are pnaent, but In a 
rudimentary cofidition. In the Ateuchus or sacred boetlo of Uic 
Kgyptiont, they are totally deficient. The evidence that accidental 
mDtilBlioni can be inherited is at present not decisive ; bnt tbo 
leniarkabla coses obeerved by Browo-S&jnard in guinea-pigs, of An 
inherited effeetj nfopernlioru^ should make ns cautioaa in denyli 
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this Undoncy. Beocs it will perhiipB be safest to look at i!ie ecLira 
nbaeim of tlie anterior torsi in Aleiichns, and their nidiiniiiilarjr 
cooditioQ in some other genera, not us oases oC ioberitod mutiUtloDS, 
but u due to the effects of long-continued disuse ; for sa many 
dong-feediDg beetles are generally fomid with their tarsi lost, this 
tungl b&ppea early in life ; therefore the tarsi camiot be of much 
importance or be much used by these insects. 

In loma cases we might easily put down to disuse modjficatioos 
of stnicturo which are wholly, or mainly, due to natural Beleeticn. 
Ur. WoUastOD has discovered the remarkable fact that 200 beetles, 
out ot tlie 550 species {but more are now kuoivn) inhabiting 
Hadeiim,aro «o &r deficient in wings that they cannot Qy; and 
that, of the twenty-nine endemic genera, no less than twenty-three 
hare all their species in this condition! Several facta, — namely, 
that beetles in many parts of the world are frequently blown to sen 
and perish ; that the beetles in Uadeim, u observed by Ur. 
Woltaslon, lie much concealed, until tlie wind lulls and the sun 
fcuines ! that the proportir)n of wingless beetles is larger on the 
eipooed DeiertBB than in Madeira ileelf; and especially the citm- 
ordioary GMt, so strongly insisted on by Mr. Wollaston, that certain 
larga pwopi ot beetles, elsewhere eiceesively numerous, which 
AbtdOWiy require the use of their wings, are hero almost entirely 
atacnt; — tiieae serertl considemtions make mo belicvo that the 
wiagleH condition of so many Madeira beetles is mainly due to 
the sction of natnnil selection, combined probably with disuae. For 
during many sucoessive generations each individual beetle which 
flew least, atbcr from its wings having been ever so little lessperfeelly 
developed or from indolent habit, will have had the best chance of 
mniving from not being blown out to sea ; and, on the other hand, 
then beetles which most readily took to flight would oftenest havo 
been blown to soi, and thus destroyed. 

The insects in Madeira which ate not gronnd-fceders, and which, 
as ceitain Bower-feeding colcoptcia and Icpidopteta, mutt habitoally 
nse thoiT wings to gaiu their subsistence, have, as Mr. Wollaston 
tuspeets, their wings not at all reduced, but even enlarged. This is 
quite comiotible with the action of naluml selection. For when a 
new insect first arrived on the iahind, the tendency of natoral 
■elKtioo to enlarge or to reduce the wings, wotdd depend on 
whrther a graatar number of individuals were saved by successfully 
iMttlitig with the winds, or by giving up the attempt and rarely or 
nerar Bying. As with mariners sbipwreckeil near a coast, it would 
haVB been better fiw Iho good swimmers if ihey had been able to 
»w?m still further, whereas it wonld have bcoa btlter for thi- bad 
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swimmcrt if Uiej had not beoQ nl>l« to swim nt all and Lad stuck 
to Iho wreck. 

Tbo e;c3 afinolca aad of Bome burrowing rodents are mdimcntAry 
in tise, and in some ouea Aro quite covered by skin and fur. Tbis 
state o[ the ejea is proiiabl; dse to i^oJiud reductioa from disuse, 
but aided perliapa by natural Betcotiou. In South America, > bur- 
rowing rodent, the tuco-toco^ or Ctcnomjs, is evun more subter- 
ranean in its habits than the mole; and I wbb HBur«d by n 
S[ianiard, nho bad cflen caught tiicm, that they were freqaently 
blind. One which I kept alive wac certainly in ttii* coDdition, the 
cansG, as Bjipearcd on dissection, having beon iaflatnmation of the 
nictitating membrane. As frequent iuthunmalion of the eyw must 
be injurious lo any animal, and as eyes are certainly not necamary 
to animals having subterranean habits, a reduction in their Mse, 
with the odheiion of the eyelids and growth of Air over them, 
might in such case bo on advantogo; and if so, natural teleclion 
would ud the effects of disuse. 

It is woli known that several animals, belonging lo the mott 
diCTcrant classes, which inhabit the caves of CaroioU and of Eeo- 
tucky, aiB blind. In some of the crabs the foot-stalk for the eye 
remains, though the eyo is gone ; — the stand for the tcleKope is 
there, though the telescope with its glasses has been loat. As il i« 
difficult to imagine that eyes, though useless, could be in any way 
injurious lo animals living in darkness, their loss may be allribnted 
lo disuse. In one of the blind animals, namely, the cave-rat 
(Nootoma), two of which were captured by Ptofessor SiUiman at 
above half a mile distance imm. the mouth of the cave, and there- 
fore not in the profonndcst depths, the eyes were lustrons anil of 
large size ; and these animals, as I am iDibrmed by Professor Silli- 
mau, after having been expoat-d for alwut a month to a gmduatvd 
light, acquired a dim perception of objects. 

It is difficult lo imagine conditions of life more (inulai than 
deep limestone caverns und^r a nearly simihu climate t ao that, in 
accordance with the old view of the blind animals havii^ been 
separately crealod for tho American and Eimipcan caverns, very 
close similarity in their organisation and affinities might have been 
expected. This is certainly not the case if we look at tlia two 
whole faunas; and with respect to the insccta alone, Schiiidte has 
remarked, "'We are accordingly prcvcntal from consideruig Ibo 
entire phenomenon in any other tight than something purely local, 
and the similarity which is exhibited in a few forms between IJba 
Mammoth cave (in Eentncky) aod the Gsves in Cainiola, olh«rwin 
than as a very plain eiprecsion of that annlti|tr which subalsta 
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);Dmtrall7 betireen tha Ikcna of Europe and of North America," 
On njy view wo muat suppose that American animals, haviug in 
iitosC cue* ordinary powcn of Tiaion, slowly migmW by successive 
goneraliona from tha outer world into tbo deeper and deeper re- 
wwoH of the Kentucky caTes, us did European animala into the 
cttTM of Europe. We have some evidence of thia gradation of 
habit j fat, u Schibdw remarks, " We accordingly IooIl upon the 
Bubtemneac faunas as itnall raMfications which have penetrated 
into the eaith from the geographically limited faanos of the ndja- 
oont traeU, and which, as they extended themsolTeB into darkness, 
hiive been accommodated to surroQiidiag circomitances. Animals 
not far remote &om ordinary forms, prepare the transition from 
light to darkness. Nest'foltow those that are coDstructed for twi- 
light ; and, last of all, those destined for total darkness, and whose 
[ormaiioD is quite peculiar." These reinarks of Scbiddto's, it should 
ba undentood, apply not to the same, bnt to distinct species. By 
the time that an udmol had reached, after nnmbcrless genemtioias, 
tha de«pcst recesses, disose will on this view have more or less 
perfectly obliterated ila eyes, and natural selection will olleii have 
effected other chaogesi, such as an increase in the length of tha 
onlemut) or jiilpi, as a compensation f<>r bUndnesi. Notwithstand- 
ing such modifications, we might eipcct still to see in the cave- 
tiumal* of America, afEmtiei to the other inhabitants of that con- 
liDBnt, and in those of Europe to the inhabitants of the European 
And this is the case with some of the American cave- 
ammaU, as I hear from I'rofi^ssor Dana ) and some of the Europcau 
cave-WACCtA are very cbsely allied to those of the surrounding 
country. It would be difGcult to give any rational explanation of 
Cie afflbltics of the blind eavo-anjmab to the other fnhabitanta 
of the two continents on the ordinary view of their independent 
crMtlon. That several of the inhabitants of tSe caves of the Old 
Sknd New Woikls should be cloaely related, we might expect froro 
the well-known relationship of most of their other productions. As 
a bUnd specie* of Bathyscia Is found in abundance on shady rocks 
tar from caves, the loss of vision in the cave-species of this one 
gcnns hu probably had no relation to its dark habitation ; for it 
is iwtiir»l tiist an insect already deprived of vision should readily 
become adapted to dark caverns. Another blind genus (Auoph- 
Ihalmus) offers this remarkable peculiarity, that the species, ns 
Hi. Httfny observes, have not as yet been found anywhere except 
s t yet thoso which inhabit the ssvera] caves of Europe and 
\ ar« dislinot ; but It ia ponibic that the progenlton of these 
1 specie^? whilst they ««r« furnished with eyes, mry fonowly 
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havQ rnn.;oil over bolli continnnts, and tlien have become extinct, 
eicopting in tbcir picscnt secluded abodes. Far from focliag rar- 
priso that somo of the cave-animala aliould ba TC17 anomalous, ax 
AgossiE has rcmarkod in regard to the blind fish, thg AmbljopaiB, 
and as is the caae with tho lilind Proteus with TeroroDce to tho 
rcptiloB nf Eiiropo, 1 am ooty surprised tlint more wrecks of ancicut 
lire have not Itecii prcsciTodiCmiug to tho teas Gevcro competition to 
which the Bcaoty inlinbitants of tlicao dark abodes will haTe been I 



Haliit is hcndltaTy u'ilh plants, as in the period of floweriBg, in 
the time of sleep, in the amount of niin requisite for seeds to gcnni- 
nite, £c., and tliis leads mo to say a few words on acclinuttistLon. 
As it is extrcmclj common for distinct species belongiog to the aamc 
fenus to inhabit hot and cold countries, if it be true that all the 
species of the same geni\s are descended from a single pwent^fonti, 
acclimatisalion miisl be readily effected dniing a long counc of 
descent. It is notorious that each species is adapted to the climate 
of its own home : species from an arctic or even from a tcmpomle 
n^on cantwt endure a tropical climate, or conTersely. So again, 
many succuteut plants cannot endure a damp olimale. But the 
di^M of adaptation of species to the climate* nndor which tb^ 
live is often oicrrated. We may infer this bom our Sequent 
ability to predict whether or not an imported plant will endue 
climate, and from tho number of pbnts and animala brought ' 
diScTcnt couDlrles which are hero perfectly healthy. Wo 
reason to beliero that species in a stale of DiUnre are closely liraiud 
in thdr ranges by the comj«titiDn of other organic beings fjuite as 
much as, or more than, by adaptation to particiilH' dimalcs. fiut 
whether or not this adaptation is in most casea reiy clow, we have 
eyidencs with some few plants, of their becoming, to a certain 
extent, naturally habituated to different temperatures ; that is, they 
become acclimatised : thus the pines and rhododemlrons, raised from 
seed coUecIed by Dr. Uocker from the same species growing at 
diOercnt heights on the Himalaya, wero found to possess in this 
country dificrcnt constitutional powers of resisting oold. Mr. 
Thivailes informs me that he has observed similar tacts in 0>]rlo&: 
analogoDS observations bsTe been made by Mr. II. C. Watoea on 
European species of plants brought from the Azores to England; 
and I could give other cases. Jn regard to auimals, several authcotia 
laitaoceB could be adduced of species liaving largely exlcnded, 
within hiitoricnl timcn, their range from warmer tn,c<iolcr Utilodn, 
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*iid cooTcnelj ; bQ( ne do not poulivcly ksoiv Ihnt thcGc aoiiiuiU 
were lUii^j adapted to their native cUmato, though in all ordiaaiy 
cuo« Ro umme such to bo tbo cose ) Dor do we know that th<y 
liUTe tabsequentty become specially acclimatliGi] to their new 
homes, so aa to be better fitted for them, tbwi they were nt first. 

At we may infor that our domestic utimsb wcie originally clioKcn 
by nnciviliaed man because they were useM and because they brtni 
readily nodcr coofinemcnt, and not because they were subscqucntiy 
Ibuud capable of far-eitGoded tmosportation, tho common and ex- 
IraordiDBiy capacity in our domestic aoimaU of not only withstand- 
ing the moat difTcrout climates, but of being perfectly fertile (a fnr 
acTerer tcM) under them, may he used aa an nrgumeut that e \&t^a 
pttiponitm of other ainimalfl now in a stale of nature could easily 
ha brongbt (o beai widely different climates. We must cot, haw- 
eTct\ push the fffiegoing ftrgumeat too far, oa account of the pro- 
tehle origin of aoma of our domcstto ajiitnala from aevcral wild 
■toeki; Ibo blood, for instance, of %, tropical and atctio wolf may 
pcvlupa bo mingled in our domeatic breeds. The rat and mouse 
eumotbecoiuidcrcdasdaiiiesliQaiiimAls, but they have been trans- 
portad b/ man to many parts of the world, and now kkve a fnr 
wider noge than any other rodent ; for they live nnder tho cold 
diiiiKt« of Faroe in the north and of tho Fnlklands in the south, 
ond OD many an island in the torrid zones. Uence adaptAtioa to 
any special climate may bo looked at as a quality readily grafted on 
a iuulc wide flexibility of constitution, common to most animals. 
1 On tliit view, the capacity of endoring the most diSerent climates 
I by man himself and by his domestic animals, and the fact of tlio 
f ntuiot (Icphnnt and rhinoceros having formerly endured a glacial 
L climate, whereas tho living species aro now all tropical or sub- 
Topioal in their Labits, ought not to be looked at aa anomaliee, but 
H namplM of a very conunoa flexibility of conetilutioQ, brought, 
ft:tu)dw psistUac turonmstaooea, i::to action. 

\ Udw much of Uie acclimatimtion of species to any 'pivuUar 
p dloMlC b diw U mete habit, and how much to the natural selecliun 
uietie* having diCfereut innate constitutions, and how much ti' 
both miiiii coBibiDod, is aa obacorc question. That habit or custam 
hM warn inflOHic*! I luusl believe^ both from analogy and from lue 
JnoMMBt advfM given in agricultural works, even in the ancitut 
BoQ^tlopndiai of China, to he very cautions in transporting anl' 
Mali Imhu on* distriol to another. And as it is not likely that man 
itedd IwT* fucoEcdcd in aelocting so many brenU and sub-braeds 

tititntions specially fitted for their own diHtricla, the result 
link, bo dne to habit. On the other liand, nntiirnl kIm- 
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tion would inevitablr tend to proaerve thoaa individuals which woto 
born witli constitotiona beat adapted to anj couutrj which (bey 
inhabited. In treatises on miiiijr kinds of cultivated plants, certain 
varieties arc aaid to withstand ocrtnin climates bettor tbnn cthert ; 
Ibis is strildnglf abown in works on fmit-tree« published in tbc 
United State*, in which certain varieties are habitually rccom- 
monded for the Dorthem and otheis for the southeni Stales ; and na 
most of tbeae varieties are of recent origin, they cannot owe their 
constitutional dilTeremcea to habiL Ths case of tbs Jemsatem 
artichoke, which is never propagated in Engknd by seed, and of 
which consoquontly new varieties have not been produced, " 
been advanced, as proving th»t acclimatisation cannot bo eOecl 
for it ii now as tender as ever it was I Ihe case, also, of the kidj 
bean has been often cited for a simitar purpose, and with 
greater weight; hut until some one will sow, dnring a so 
genetaUons, his kidney-beans so early that a very large proportion 
are destroyed by frost, and then collect seed from the few surviTon, 
with euro to prevent accidcn tol crosses, and theu again get seed 
from these seedlings, with the same precautioiu, the experiment 
cannot be said to have been tried. Nor let it be supposed that 
differences in the constitution of seedling kidney-b^ni never 
appear, for an account baa been published how much more hardy 
some seedlings are than others; and of this fact I have myself 
observed striking instances. 

On the whole, we roay conclnde that habit, or use and disuse, 
have, in some cases, played ■ considerable part in the modification 
of the ' ooDstitntion and structure ; but that the effects have often 
been largely combined with, and sometimes overmastered by, tha 
natnral selection of innate variations. 

CMTelaW Variatitm. 
I mean by this eipression that the whole organisation is so lied 
together during ita growth and development, that when slight 
variations in any one part occnr, and are accumnlal«d thnmgb 
natural selection, other ports become modified. This ia a vory " 
portAot subject, most imperfectly understood, aud no donbl wfai 
different classes of facts may be hero easily confounded 
We shall presently see that simple inheritance often gives Iha 
appearance of correlation. One of the most obvions real caMB '*, 
that variations of itnictnre arising in the yotmg or tarvK natnndty 
tend to aSeot the stnictnre of the mature animal. Ths MT«nil 
parts of the body which are homologous, and which, al an mAf. 
embryonic period, are identical In slrncttire, and \' ' ' 
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■aril/ cxpooed to similar coDdltions, seem cmiBCntly liable to vary 
in a like maimer : we see tbia ia the right and left sides of thu 
bgdy TuyiDg in tlie tame maimer ; in the front and hind legs, and 
eiGn in tLe jaws and limbs, vaJTing tosatlicr, for tho lower javr 
is belicTod by Hime analomiats f) bo homotogouB wtlh tho liicba. 
TluMo teodenciea, I do not doubt, may ba mastered mora or lees 
oompletelj by natural selection : tlina a Ikmily of stags once existed 
wilt an antler only on one Eide ; and if this had been 6f any great 
□so to tlio breed, it might probably have been rendered pennoiient 
by tcleclion. 

GDDiologocui parts, as has been remarlied by some authors, tend 
locohera; tbii i« often seen in monstrous ))1atits: and nothing 
is mora Mmmon than the unioa of homologous parts in normal 
■tinetttra^ m in the union of the pelals into a tube. Haul parts 
Mcm to affect the form of adjoining eoft porta; it is believed by 
some authors that with birds tho diversity in the shape of the 
pcWii causei the remarkable diversity in the shape of their kidneys. 
Othen believe that tho shape of tho pelvia in the human raotber 
iuflueDOM by ^essnre tho shape of the head of the child. In 
•noka, aMotding to Schlegcl, the foim of tho body and the manner 
of (vaUowing determino tho position and form of several of tbo 
moat important viscera. 

The nature of the bond is freqaently quite ohscare. M. Is. 

Gtoffroy 8L Hilairo has forcibly remarked, that certain malcon- 

firmatioiis rroquenlly, and that others rarely, co-oxist, without our 

being able to assign any reason. What con be more singular than 

Um) relation in cats botwsan complete whilooess and bine eyes wilh 

dasAMM, or between tho tcrtoise-shcll colour and the female sex ; 

>r ra pigeons between their feathered feet and sV in betwiit the outer 

locA, or between tho prciwnco of more or less down on the youog 

|>ig«n) when first hatched, with the future colour of its plumage ; 

r, again, the relation between the hair and teeth in the naked 

I'nrkish dog, though here do doubt homology comes into play? 

I Wilh itspect to thtt: latter case of correlation, 1 think it can hardly 

I be accidental, that tho two orders of mammals which are meet 

I abncrmal In their dcnnat covering, vit., Cetacea (whaUs) ai^d 

I KdcnCata (araiadilloes, scalj ant-eattrs, ftc.}, are likewise on the 

whole the most abnormal in their teeth ; but there ore so inaiiy 

i to this rule, u Ur. Uivart bos ronuukcd, that it has 

BnUvahia. 

Ikaowof no cose better adapted Xa show the importance of the 

1^^ ■«• of ccnelatlon and variation, IndDpondently of utility and 

^K ikcnibn of CAlnni^ selection, than that of tho difTeicnce between 
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the outer and inner fiowcra in some Compoeilous and UmbellireraiK 
plaDtH. Evcrj one is familiar with tbo dificTeocc botwcen the ny 
and central Qurela of, foe inslancc, the daia^, and this diQcrcnce in 
ortcn AccompBDied irith the pBTtiui or cotnplote abortion of tho 
rL'f)roductivo organs. But in some of tbeae plants, the leeda also 
diQer ia shape and sculpture. These differeacea have Bometimca 
IiccD attributed to the pressnre of the invoiucra on the florets, or 
lo their mutual pressure, and the shape of the seeds in the raj- 
lloiots of some CdinposUiB counteuancea this idea; bat with the 
Umbellifcno, it ia bj no means, as Dr. Hooker infonns me, the 
epccies with the densest heads which most freqoeutljr diOcr in 
their inner and outer Qowets. It might have been thought that 
the derclopmeat of the ray-petals bj drawing uonrishmeot from lh« 
reproductive organs caoses their abortion ; but this can hardly bo 
the solo cause, for in some Coroposit^e the seeds of the outer and 
inner florets diOer, without any difference in the corolla. Possibly 
these several differences may be connected with the diffn«at flow 
of nutriment towards the central and external flowem : we know, 
at least, that with irregnlar flowers, those nearest to the aiis are 
most subject to peloria, that is to become abnonnally lymmotrical. 
I may add, as an instance of this fact, and as a striking case of 
correlation, that in many pelargoniums, the two upper petsb in 
the central flower of the truss often lose thdr patches of darker 
colour ; and when this ocx^u^s, the ndheront ncdaiy is qtiite aborted ; 
the centtal flower thus becoming peloric or regnlnr. When tlie 
colour is absent from only one of the two upper petals, the nectaiy 
is not qoitB aborted but is much shortened. 

With respect to the development of the corolla, Sprcneel'i idea 
that the ray-florets serve to attract insects, whoso agency is highly 
advantageous or necessary for the fcrtiliaition of these plant*, ia 
highly probable ;and if so, natural selectiim may have come faitoplay. 
But with respect to the seeds, it seems impossible that their differ- 
ences in shape, which arc not always correlated with any difference 
in the corolla, can be in any way beneficial : yet in the Umbelli- 
fene these diffJerences are of such apparent importanoe — iheaeeda 
being somftimes ortboepermous in the exterior flowcri Mid oolo- 
spermous in the central flowers, — that the elder D« OandoUs 
founded his main division* in the order on inch characlera. n«na« 
m^iflcations of structure, viewed by systematista as of higji voliw, 
niay be wholly due to the Uwa of variation and comUtion, nitbont 
Lviug, as far as we can judge, of the tlightcsC service to the spedei 

Wo may often bJsoly attribute lo eorrclated variation e 
which aro common to whole groiipe of species, aud which ii 
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■re aimpljr due to inheritanco; for iin ancient progenitor may have 
scqiiireil through natural Ectcction some one mcdification io stnic- 
turr, juhI, bftcr ihousoiula of g(!iicratIona, somo othor and itidf.^ 
pendeut modification ; imd these two modificatiooi, buTii^g been 
Umsmitteil to ft wLoIb group of dcsccodonts with divcrac habila. 
would tutnnklty be iliought to bo in sonie neccssaiy manner cor- 
rrlalad. Some other correlations are apparently due to the maniier 
in which natural selection can ftlane auL For instance, Alph. dc 
CandollB baa remarked that nin^ed seeds arc never found in fruitB 
wliicb do not open : 1 should explain this rale by the impossibility 
I J of M«d«gnduftlly becoming winged tliniiiglinatuml seloction, unlei» 

tthe capaules were open ; for in this ca£e alone coutd the seeds, wiiich 
were a little better adapted to bo woiled by the wind, gnin an 
ndvauts,'^ over others less well fitted for ivide dispersal. 
Ctflnjiemad'on uni Enttomy r-f Growth. 
Tlio eMer tieoffcoy and Goethe proponndcd, at abauttlio sikmotimo 
their Uw of compensation or baliincement of growth ; or, as Gocihe 
expnmMl it, " in order to >|)and on one side, nature is forced to 
(coooioiae on the other side." 1 think this holds true to a certain 
extent with our domestic productions : if nourishment flows to one 
port or organ in excess, it rarely fiows, at least in excess, to another 
(art j thus it is difficult to get a cow to giro much milk and to 
latten readily, Tho ■amo vuioties of the cabbage do not yield 
aboudiuit and nutritious foliage and a copious supply of oil-hoaring 
■Mds. When the seeds in our fruits become atrophied, the fruit 
itself gains largely in size and qusiity. In our poultry, a Inr^e 
ton of leathers on the head is generally accooipauicd by a diminishcil 
conbi and a large beard by diminished wattles. With species in 
a stata of natnie it can hardly be maintained that the law is of 
ntdTanal application; but many good observers, more especially 
boBniati, bcliave in its truth. 1 will not, however, here give any 
inahuum^ Ibr I see hardly any way of distinguiahiog between the 

|«discta, m the one hand, of a part being largely developed throusli 
nUwil tetoetion and another and adjoining part being reduced by 
tliia same process or by dieusc, and, on the other hand, the actual 
withdrawal of nutriment from one part owing to the excess of 
grawth in another and adjoining parL 
1 luipect, alio^ that some of the coses of compensation which 
ItaTB bean advanced, and likewise tome other facts, may bo merged 
nndcr a mora gvneral principH namely, that natural selection is 
Beotintiallj trying tu toonomiae every pari of the organisation. If 
■ndsr changed conditions cf life a Mrttctiire, before oscriil, bcoomn* 
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1ms iu«rDl, its diminntion will be bvcmrad, for it will profit (be 
JQdivjdtMl not to hsre iu nDtnmeat wasted in bnilding op an 
nseless Btmctnre. I can thiu only undnBtand a fact with which 
1 was much struck when eiHminiag cirrlpedcs, and of which raany 
ihulU^oiu uiBt&Dccs couldbe given: nametj, that when a ciiripcde is 
parasitic within ftoother diripedo and is thus protocled, it loses more 
or less completely its own shell or ciira['ac«. This is the casa with 
the mala Ibia, and in a truiy cxtraordiusry manneT with the IVitco- 
IcpBs: for the campnce in all otbct cirripcdes consiets of the three 
highly-important antfrior segmeuts of the hcsd enormously derc- 
logicd, sad fvmisbed nith great nerves and muscles; but in the 
paiAsilio uid protected Protcolepaa, the whole anterior part of 
the head is reduced to the merot rudiment attached to the boles 
of the prehensile anleniiEe. Now the saving of a lar^ni and complex 
eiructure, when rendered snperfluous, would be a decided kdvanta^-e 
to each successive individual of tlie species ; for in the straggle for 
life to which eve[7 animal is mpoBed, each would have a bctlcr 
chance of snpporting itself, by less nntrimonl being wasted. 

Thus, as I bolicvo, natural selection will tend In the loDg ran ta 
reduce any part of the organisation, as soon as It becomes, thruugli _ 
changed habits, superQoous, without by any means causing somt I 
otter part to be largely developed in a correspciiidiog degree, ^nd, ' 
conversely, that natural seleclJon may perfectly well succeed in ' 
largely developing an oi^ia without requiring u a ueccasary com- 
pensation the reduction of some adjoining part. 



It seems to be a nile, as ranarfcpd by Is, Geoffroy St, IlilaiiF, 
both with varieties and species, that when any port or organ Is 
repeated many timca in the ramo individual (as the rertebm in 
snakes, and the stametis iu polyandrous flowers) the nnmber is 
variable ; whereas the aame part or organ, when it oocura in Icncr 
nnmhers, is constant. The same author ss well as some batanista 
have farther remarked that mnlUple parts are extirmely liable to 
vary in structure. As "vegolativo repetition," to use Prof. Oweo^ 
expression, is a sign of low organisaUott, the foregoing statemeota 
accord with the common opmion of natumlisU, that beings which 
■tand low in the scale of nature ate more variable than thcae wfaldi 
are higher. I presume that lowness hero means that the sevi*>sl 
porta of the organisation have been but little spedalised forparticnTar 
fuDctiona ; and as long as the tame part has to perform dirmifial 
work, wo can pcrhnfa see why it should remain varinbV, that If* 
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wbj natDral wlecUon sliould not liave preserved or rtjccted eacli 
little deTution of form sa carefiilly as ivlien tlic pnrt Lob to servo 
lor (omc one Bpcdil purpose. Id tho same may Ibat u Idiife which 
hna to cot all nurta of things may be of nlmost any sLnpo ; whilst 
B tool for Eoitie {wrticulBr purpose must be of somo particiiUr 
khipe. Natural Mleclion, it sbould uever be forgotten, caa act 
nlely Ihraugli an J for the advanlage of each beitig. 

Budimentsry inrts, ns it is genemUy admitted, are apt to bo 
highly variable. We shall have to recur to this subject; aul I will 
here only atU that their vimiibility *e«Eii3 U) tvstilt from their use- 
li-Rsncn, ttnd c>:i[tsc<iueDtly from natuntL Eelection having had nu 
powflr to check deviations io their Btructurc 

A Piirl devehprd in any Spnin in an exlroordinaty degree </r 
nutnner, in compariion tci(A the same Part in allied .^eiVi, 
teiait la bt higlUtf variable. 

Several years ajo 1 was much struck by a remark, to tho above 
(■ffect, made by Mr, Waterhouse. IVofoaaor Owen, also, acems tj 
hive come to a nearly similar coDclusioo. It is bojieless to attempt 
Io oODTiooe any one of the truth of the above propocition without 
fjviug the loug army of fact« which I have collected, aod which 
caniiot possibly be hero Introduced. I can only state my conviction 
that it is a rule of high gencmtity. I am aware of several cauaea of 
error, bat I bo]n that I havo mode due allowance for them. It 
sbould be unduratood that tho rule by no means applies to any 
port, however uniiaualty developed, unUss it be unusually developed 
in ooe tpecica or in a few species in oomporisoa with tho same part 
in many cloeely allied species. I'hns, the wing of a bat is a most 
abnMitwl structure in the class of mammals; but the rule wddM 
Mt apply here, becansa the whole group of bata possease* wings ; it 
would apply only if somo one spocies had wings developed in a 
ratnarkable manner in comparison with the other species of tho 
i amo genuB. The rule applies very strongly in the cose of secondary 
■fXltaleharacters, wbeu displayed inany unusual meuDer. The trriu, 
loajoiuy Maun] charoctora, used by Hunter, relates to chaTUCtrni 
i> hich an attsicbtil to one tex, but arc not directly oannecled with tho 
i.ctof rvprodoctioa The rule applies to males and females; bntmora 
'arvly to the females, as they seldom offer remarkable secoudaryeciiiul 
rliaraelcro. Thu rule being to pbiuly applicable in the case of secondary 
luoal characters, may be due to the great variability of tbcte charao- 
im, whether or not dii>playod in any unuinuU manner — of which fact I 
Ibrro can be little doubt. But that our rtile is not con&utd 
(rcoodary sexual i.'hiii;ki.'t' rs Is clearly shuwu in the nue 'it 
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hcrmBphrodito cirripodcs; I particuLirl; uttondod to Ur, W. 
house's raniBik, wbilat iavestigating this Order, &nd I nm fully 
TiDced tbat the rule almost alwa^B holds good. I shall, \a b fail 
work, give a list ai all the more rccDarksble cases ; I wiD hers 
ooly oiie, as it iUustntes the mio in its largcit app)ie*tioii. 
opercular valves of sessile cirripcdoB (rock bamactea) are, in 
sense of the irurd, very important structures, and they 
CEtrenieij bttle oven in distinct genera; but ia the several 
of one genus, Pjrgoms, these valves present a marvoUons ai 
of diverkification ; tbo homologooa valves in the differeut t 
being sometimes wholly nnliko id shape ; and the amount of 
tion in the individuals of the same species ii so groat, that it is no 
exaggeration to state tbat tlio vaiietlsa of Uia aame species differ 
more from each other in the characters derived from these impor- 
tant organs, than do the species belcm^ug to other distinct genera. 

As with birds the individuals of the tame species, inhabiting tho 
same country, vary extremely little, I have particularly attended to 
them 1 and the rule certainly seoms to hold good in this classL I 
cannot mske out that it applies to plants, and this would have 
seriously shaken my belief in its truth, had not the great vari- 
abiliiy in plants made it particularly difficult to comjiare ihcir 
ruhitive degrees of variability. 

When we see any part or organ developed in a remarkabls degree 
or manner in a species, the fair presumption is ibst it is of high 
iinportance to that species ; nercrtheleu it is in this case eminently 
liable to variatioo. Why should this Iw so ? On the view that 
each species has been iodepondentlj created, with sll its parts as 
wo now SCO them, 1 can see no cxphuiatioD. Dut on tho view that 
);roups of species am desoonded from some other species, and have 
been modified through natural selection, I think we can obtain 
some light. First let me ma^e some proliminaTy ramarks. If, !■ 
our domestio animals, any port or the whole animal bo neglected, 
and no selection be applied, that part (for instance, the comb in the 
l>orkiDg fowl) or the whole breed will cease to hare a tmilbmi 
t-haracter -, and the breed may bo said to bo degcmnaling. In 
rudimentary organs, and in those which have been but little 
(pecialiscd for any particular |mrpose, and perhaps in polymorphic 
•iroups, we see a nearly |«raUel case ; for in such cases natoral (cl<v- 
tion either has not or cannot have come ioto full pUy, end thru tlis 
organisation is left in a ^actuating conditioa. But what hero mors 
particularly cunceras na is, that those points in our donitatia 
animals, which at the present time are nndergoing rapid change 
continued scloi-tiuu, are al«a eminently liable to rariitioTL l^iok 



1 



I Ciiip. V. Uttusually developed Parts highly Variable. 1 3 1 

the indiviila^ of Ihe taxaa breed of tlio p^con, ttnd sea wliat n 
prodigioua smoimt ofdifforence then is in the beaks of tumbleni, iii 
the bekfcs and wattle of cnrriers, io the caniagB and toil d[ fantnila, 
&&, thesa being ths poiata now mauiij attended to by Eugli»h 
[ancien. Even in the aams lub-breed, bb in that of the short-fitccd 
tumbler, it is uotorioualy difficult to bieed neortr pcrrsct birds, 
many departing widely froDi the stoodnrd. lliere may truly ba 
laid to be a coiutant struggle going on between, on the one hand, 
the tfndency to reversion to a less perfect slat«, as well as an innate 
tendency to nc» vuiutions, a^d, on the other tioud, the power of 
iteody aeleotion to k>e«p the breed true. In the long ran lelcclion 
gains tbeday.aad ire do not expect lo fail bo completely as to breed 
bird u coano a« a common tiunbler pigeon frum a good ahort-facnl 
Rtisio. But ai long aaselectioo is rapidly going on, much variability 
iu the puts undergoing modi&calion may always be expected. 

Now lot us turn tfi natare; When a i«rC has been developed i:i 
aa exinotdinary manner in any one species, compared witli Ihc 
ptberapedesof thenme gonos, we may conclude that this part h.is 
uudoigont) an extraordinary amount of modification Bince the peiioil 
«beD the Hveral specioi branched oft from the common progenitor 
of ik« genna. This period will seldom bo remote in any extcvme 
degree, a« species rarely endure for more than one geological period. 
An extnordinaiy amonnt of rnodiScation implies an imuitually 
huge and long-continued amount of variability, which has con- 
tinually been awumnlated by natnral sclcctioQ for ibc benefit of 
the species. Bui as the variability of the extraordinarily developed 
pari or organ has been so great and loug-oontinaed within a period 
not oiooMvcly remote^ wo might, as b general rule, still expect to 
find moro variability in such parts than in other parts of the 
ofgnnlaaiion which have rGmained for a mach longer period nearly 
ooDstant. And Ihis, 1 am convinced, is the cose. Tbat the struggle 
between nalonl selection on the one hand, and the tendency to 
nvaraiM tmd variability on the other liand, will in the cour«e of 
tirae oeftie; attd that the most abnormally dcvclo[>od organ* may bo 
made ounslant, I see no reason to doubt. Dencc, when an organ, 
however abnormal it may be, has been trauunitted in approximately 
iha same condilion to many modifiod descendants, us in the cnse of 
lb* wing of the bat, it must have existed, according to our theory, 
fkY an inunensa period in nearly the same state; and tbos it has 
oooM not lo be more variable than any other structure. It is only 
in thcao casea in which the modification ha* been compualivclj 
$^^ ncml ittd extraordinarily great tbat we ought to find the gtnerMim 
^^^ MwiiiMify, as 11 may be nlled, still present iu a high degree. For 
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in tliia case tbe Turisbilitf will Ecldom as ;et bave been fixed by 
tbo rtHitinued Belcction of the indmdiiali Vfti7iiig in the required 
manner and degree, and by the cflntinnrd rpjfcliim of tbcws tending 
to rcTCTt to s formar and less-mixlilicd condition. 

Bpecifie Ohanuttrt more Variaiilt llian Onierie Chaructfrt. 
The principle discussod under the last heading ma; be applied \<i 
otir present subject. It is nolnrioiis tijnt apccific characters nra 
more Toriable than generic. To explain by a mmplo eiamplo vbat 
11 meant : if in a large genns of plants aome apocies hod blue 
floivcrs and loma bad red, the colour would bo only a specific 
chornelcr, and no one woald be tnrpriaod at one of tlie bine gpeciea 
varying into red, or oouTerwIy; but if all lljs species bod blue 
flovera, the colour would become a generic character, and its varia- 
tion woald be a more unusual circumstance. 1 have chosen this 
example because the explanation which most nntunlista would 
ndvaDce is not here appliciible, namely, that spcciSo cbaractera are 
mors variable than generic, becKnse they are taken from parts of leu 
pbjsiclogical importance than those commonly used for classing 
genera. I believe this explanation is r*rlly, yet caily indirectly, 
true; I shall, howovfr, have to retom to this point in tbe chapter 
on Classification. It would be almost anperflnoui to adduce evidence 
in support of the slntemcDt, that ordinary specific charactns ar? 
more variable than generic ; but with respect to important eharao- 
tor^ I have refieatedly noticed in works on natmal history, that 
when nu author remarks with snrprise that some important organ 
or part, which is gCBemlly very constant throughout a large group 
of species, difen considerably in ckeely-allied species, it is oTIcn 
varidbU in the individuals of the same species. And this bet shows 
Ibat a character, nhtch is generally of generic valite, whoa it sinks . 
ta value and becomes only of specific value, often becomei Tariablc, 
though its phyuological Importance may remain the same. Some- 
tliing of tbe tame kind applies to monstrosities : at least Is. QeaBraf 
St. Hilaire apparently eolcrlaiai no doubt, tluLt tbe mora ati organ 
normally differs in the different Bpecies of tbe same group, the mors 
subject it is to anoroaliea in the individuals. 

On the ordinary view of each species having been independently 
crcnUd, why should that part of the stnietore, which differs from 
the same part in other indcpeodently-crcalcd species of the same 
genus, be more variable than those parts which are closely alike in 
the several species? I do not sea that any explanalion can be 
given. BqI on the view that species are only atrongly marked and 
hed varieties, we might expect often to find them still continnig 
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10 vwy in Ihosc puts of lliclr atrucluro which havo varied niibin * 
niodcnUly recent periud, and which have thiia come to differ. Or 
to sIaU the cue in auoUier mannor :— tho yo\o\a in wliich all llie 
t^Mcin of ft genua resemble «3ch ot>icr, nnd in wbich they diffrr 
from Atliod geiicn,are ulicd generic cliiuBcters; and these cbamctcra 
HMjr be attribatcd to inheritance frcim a common progenitor, for it 
cao raiely hare happened that naluial selection will have modi&ed 
■cvonil distinct ipeclea, fitted to mure or lest widelj-diSbrent habits, 
in exjctly the Mmo manner: and as these so-called generic charao 
ivn have been inherited front before tlie period when the acveral 
spcciM fir*t bnn£b«l ofT from their common progenitor, and subac- 
<iuentl]r have not varied or come to dilTcr in any degree, er only in a 
slight dfgrw, it ii not probable that they should vary al the present 
liny. On the other hand, the points in which species differ from 
ntl)«r ajiecjet of the same genus are called specific characters ; and ns 
liieoK sjiecific characters have varied and come to diOer since the 
l«riad ichen the species branched off from a commoa progenitor, it 
i» probable that the; should still often be in some di^ree variable, — 
at l<Mt more variable than those parts of the o^auisation whicli 
Lave ia a very bog period tenuuned constant. 

Saamdary Sexual Charadtn I'ariable. — I think it will be ad- 
mitted by lutumlists, without my entering ou detaiLi, that 
■eonnilary aesuol characters are highly variable. It will also ba 
adniittad that species of the some group diOer from each other innre 
widely in tbcir secondary scinal characters, than in other parts uf 
lh«ir Drganisalion : roniiTirc, for inetanco, the amount of diOercnce 
Uitweon the males of gallinaceous birds, in nhich secondary aexual 
ihaiKtws are clmngiy displayed, with the amount of difTercuea 
bctWMS tho fcntolca. The cause of the anginal varialulity of tfasee 
caanclcti is not manifwt; but ws can sue why Ibey ahould not 
Lavn been rondervd as conitant and uniform as others, for they Hre 
nccumulatcid by »exual selectiou, which is Icxs rigid in its action 
lliau onlinary ■cleotion, as it docs not entail death, but only gives 
lower oKspruig to the less favoured malea. Whatever the cause may 
:•« oi ths wlability of secondary sexual characters, as they are 
highly variable, sexual selection will have had a wide scope for 
•ctiou. and may thus hare succeeded in giving to the species of the 
BUM giunp a greater auLaunt of difference in these than in other 
naimtta. 

It i* a ctmarkable bet, that tho secondiry differences betwocn 
Ut* OaacxeaofilM soma *|Mie* are gonerally displayed in ihcvecj 
mta» pan* of thA organiitation in which the species of lh( sam* 
gutlt diffijr from coch other. V( this fuct I will give in illua- 
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tntioD the two fint instances whicli happen 14 aUnd on my Uet ; 
kod OS th« tlifTerenMS in these ouh's arc of a. very imcsual iiatiu«. tlic 
lelaliao can hardly bu BccidcntiiL Tbe same number of joints ia 
le taisi is a ch8ract«r common to very large groupa of beetle*, but 
I the Ecgidv, ta W«stwood hoa remarked, tbo nutuhcr varies 
I greatly; and the number Ukawise diffcts in the two seieacf the 
nme species. Again in the foesorial hymenoptera, the di 
the wings ia ft character of the highest importance, because ci 
to large groups ; but in certain genera the neuiation differs in the 
itiBcrent specica, and likewise in the two aoies of the same spocioe. 
Sir J. Lubbock has recently remarked, that soTeml minnte crasln- 
ceans offer excellent illuslrittloni of this law. "In Ponlella, fur 
instance, the aexual characters nro afforded mainly hy the anterior 
fin(enn» and by the Srth pair of legs : the specific differences iImi 
niB principally given hy thcso organs." This rekticm has a clear 
meaning on my view : I took at all the species of the laina genua aa 
having aa cratainly descended from n commui progenitor, as havo 
the two sexes of any odd speciei. Consequonlly, whateTer ptrt of 
the structure of the cotumon progenitor, or of ila early deceendanla, 
became variable, variations of this port would, it Is highly probable, 
be taken advantage of by natural and aexual selection, in order to Be 
tlic several species to their several places in the economy of nature, 
and lilcewise to fit the two sexes of tlio same spociea to each «tber, . 
or to Gt the males to slru^glu with other males for Iho poeacstioa JlI 
the fumaiei. I 

Finally, then, I coucludc that the greater Tarrability of spedflo 
Jchaiactets, or those wbich distinguish spedea from species, than of 
I'l generic clurBctera, or those which are poswuod by alt the specica ; 
■ I — that the frequent extreme Tariobility of any port wliich is deve- 
loped in a apecies in an extraordinary manner in comparison witli 
the tame part in its congeners ; and the alight degree of variability 
in a port, however extraordinarily it may be develojied, if it ho 
common to a whole group of species ; — that the (treat variability of 
Mcondary seinal chaiacten, and thdr great difference in closoljr 
Lsallicd spccioi ; — that eecoodaiy sexual and ordinary specific di~ 
1 are generally displayed in the isnoe parta of the organi 
e all principles closely connected together. All being maia^^ 
to tho species of the same group being the dcacendanta of 
1 progenitor, from whom they have inherited much la 
D, — to parts which have recently and largely varied being 
BKce likely still to go on mryitig than part* which have long ' 
tnholited and have not vnried — !o natural selecliar ' 
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coin|i1eteIy, BccorJine to tba lapse of time, ovdrniulercd tfae 
teiuicncy to rerenion and to furtber-variabilily,— to sexual wlection 
buiug i«B rigid thaa ordinary selection, — and to varialious in llie 
pnrli haHog been iccumululcd by natural and sexual selection, 
ADd bAviug been tlmi adupted fur secunduy sexual, and for ordinary 

DiMinet Specie* praenl analoyoua raiiaiiorn, co that a VarUly 
tif ma Upeciel o/len aauTnes a Character proper to an o(/t'fi( 
Spteitt, or TtPtrla to tome of H\e Characters o/an tarhj Prosenitor. 
— 'Ibeae proposittons itill be most readily uudeislood by looking io 
our domettic races. The most distinct breeds of the pigeon, in 
eounlrics widely apnrt, present aub-vorietice with reversed feathers 
on tlio held, and with feathers on the feet, — characters not possesscil 
by the ahoriginal rock-pigeon ; theso then are aualogouB variations 
iu two or more distinct races. The frequent presonoo of fourlecn 
«r even sixteea tail-feathers in the pouter may be oonndered as a 
variatioa represcoting the normal structure of nnmher nice, the 
bnlaiL I presume tLit no one will doubt that all such analogous 
variationd are duo to the several races of tha pigeon baviog ioherilcd 
ftooi • common parent the same coDStitDtioa and tendency Iu 
Tuiatiuaa whoD acted on by similar noknown influences. In the 
*tgaUhl« kingdom we hava a cum of analogous variation, in tha 
■uUfged itoms, or as commonly called roots, of the Swedish turnip 
and Itnt* buga, plants which sovetal botanists rank as varielirs 
by cultivation from a common parent : if this be not lo, 
will then bo one of analogous variation in two so-callvil 
distinct ipecici ; and to these a third may be added, namely, the 
ctnsmcin tnmip. According to the ordinary view of each species 
liATilig been iudcpcndcntly created, ice should have to attribuiti 
this liltularity in the enlarged sterna of these three plants, not Iu 
the rtra eaiua of community of descent, and a consequent tendency 
to Taty In a like manner, but to three separate yet closely relatcil 
•rU of creaUon. Many similar cases of annlogoua variation linvo 
been oWiTiid by Naudin in the great gourd-family, and by various 
jinlhnn In our cereals. Bimilsr cases occurring with insects under 
natural conditions havo btely been discussed with mcch ability by 
Hr> Walsh, who has ^oupcd them under his lavr of Eqiinblu 
VarUUttty. 

With pigeons, bowovor, wo havo another otise, namely, the » 
Kcnwl «ppe«r»nco in all tho breeds, of slaty-blue birds with Uva 
bUck faaiv on the wings, white loins, a bur nt tho end of the tnil, 
with lb* onter featbeia eitortuilly edged near their bases witli 
<rhlt«. A» kll IhMO marks are clinmctoriolic of tlio ]flrent rock- 
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in^roD, I presume thut no odd will doubt tliat this is a case ol 
rpvorsioQ, and not of a new yet oiuilogou* variation Bppeariiig id 
".he eereral breeds. We may, I think, confidcDtly como to thl" 
conclusion, bi>cause, as we have eeua, these coloured marks arp 
eminently liable to ftp|>wir in the crossed offspring; of two distinct 
nnd differently coloured breeds; and in this nue there is nothing 
in the extcitul conditions of life to cause the reappearance of tbc 
si nty -blue, with the Bcveiul marks, beyond the influence of themero 
act of crossing on the laws of inlieritance. 

No doubt it ia a very suipriaing fact that characters should re- 
appear after having been lost for many, probably for bundredi ol 
generations. But when a breed has been crossed only once by soma 
otiicr breed, the offspring oecoaionaily show for nuiny ganemtions a 
tendency to revert in character to ihe foreign breed — soni* say, for 
A duzcu or even a score of generations. After twelve genorations, 
the proportion of blootl, to use a common eipreasion, from one 
ancestor, is only 1 in 204S ; and yet, as wo see, it is generally 
believed that a tendency to reversion is retained Ity tbis remnant of 
lureign blood. In a breed which has not been crossed, but in which 
IxAK parents have tost some chaniclcr which their progenitor poit~ 
sessed, the tendency, whether strung or wenk, to reproduce the lost 
character might, as was formerly remarked, for all that we can see 
to the contmry, bo transmitted for tdmoat any number of gcnur- 
alioas. ^Vhen a cbaractcr which bos been lost in a breed, reappears 
after a groat number of generations, the most probable hypothesis 
is, nut that one individual suddenly takes oflcr an ancestnr 
removed by some bnndred generations, but that in each successive 
Ijencration the character in question bos been lying latent, and at 
lost, imder nnkiiown favourable conditions, is developed. With Ihs 
liatb-pigeoa, for instance, which very rarely produces ft blue Wfd, it 
is probable that there is a latent tendency in ench generatioii to 
[iroduce blue plumage. The abslnict improbability of such a ten* 
<1ency being transmitted through a vast numbtr of goneralionii, i« 
not greater than that of quite useless or rudimenlnry organs being, 
similarly transmitted. A mcie tendency to produce a ludiincot is 
indeed sometimes thus inherited. 

As all the spocies of tJie same genns are supposed to b« descended 
from a common progenitor, it might be expected that they would 
occasionally vary in an analogous manner ; so that the rnric^es of 
two or more species would reaemblo each other, or that a variety 
•if one spocies would resembls in certain characters another and 
distinct species, — this other species being, according 
riuly n well-marked find permnnont variety. Itnt chnraclcrs exdfr 
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avfij due to analo^mis Tuiation woald prolMblr be of ah unim- 
portADt nature, fur tha pteserTaticui of all fuDctionnlly important 
chaT«cC«ra will have beeo detdmiucd through natural seloctioD. ia 
Bccordaoce with tbc different haliti of the specicft. U might 
fuillier ba expected Uiat the species of the bhido goons would occa- 
■ionaliy exhibit rcveraiona to long lost cbaractcra. As, however, 
we do not know tha commoii ancestor of any natDrnl group, wu 
cannot dutioguish betiv«en Toversiooary and attalogoiu cbotnctcn. 
If, for iuM&DCO, we did not know tbftt the paroot rock-pigeon was 
not feathar~(bo[ed or tum-crowacd, we could not have told, whether 
Buch characters in our domosiio breeds were reversions or otilj- 
analogous TsdationB i but we might have inferred that the blue 
cotoiir was a case of reversion from the nnmbcr of the tnarkiu^ 
which are correlated with this dnt, and which would not probably 
have all appeared together from simple variation. More especially 
we might hare ioferred this, from the blue colour and the sevctnl 
marks to often appearing when differently coloured breeds aro 
eniMed. IleDce, although under nature it must generally bo left 
doubtfid, what cases aro reveraioas to formerly eiisting characters, 
kod what are new but anslogoaa variations, yet we ought, on our 
theory, sometimes to £ad the voryiog offspring of a species sssuining 
cttaracten which arc already present iu other mombera of the soma 
pvap. And this undoubtedly is the ease. 

I'ha difficulty in distinguishing -variable species is largely due lo 
Um varieties mocking, as it were, other species of the same genus. 
A eonsideratda catalogue, also, could be given of forms intermediate 
between two other forms, which themselves can only doubtfully be 
niiked as species ; and this ehowe, unless all these closely allied 
forma bo considered aa independently created specie^ that tlicy 
liavo in varying assumed some of the characters of the others. Hut 
Ihs butt evideikce of analogous variations is afforded by parts or 
organ* which are generally consUnt in cbaracler, but which occu- 
aK«aIly vary so as to resemble, in some degree, the fame part or 
organ in on allied ([lecies. I have collected a loug list of such 
cawa; boihere, ssWure, I lie under the great disadvantage of not 
being ablo to give them. I can only repeat that suuh cases cei- 
taiuly occur, and seem to me very remarkable. 

I will, however, give one curious and complex case, not indeed as 
aSbctiiif: any impurlaut character, but from occurring in several 
ijieeka of th« same genua, partly under domoiticfttion adO partly 
undK' UtnnL It is a case almost certainly ol reversion. 
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in the fnal, and, lioni inquirie* which I hikve made, 1 bdiera tfau 
to be true llie stripe oa the shoulder is sometimes dooblc, anil 
is verj varinblo in length and oullina. A white ass, hut not an 
albino, has been described wilhoat either sfnual or shoulder stripe : 
and those stripes are sometimos very obscure, or »ctnnUy quite lost, 
in dark-coloured asses. T!» koulau of Pallas is siud to have bean 
sect) with a double shoulder'stripe, Hr. BIjth has seen a specimen 
(if tbo hemionus nith a distinct sbouldcr-stripc, though it properly 
has none ; and 1 hara been infonned by Colonel Poole that the 
fiHils of this species are generally striped on the legs, nnd foiotly on 
the shoulder. The quagga, though so plainly barred like a scbm 
over the body, is without bars oa the legs ; but Dr. Gray has figuml 
one Bpeciineu with rcry distinct zebra-like bars on the hocks. 

With respect to the horse, I have coUocled cases in Engloni] of 
the s[HnaI stripe in horses of the most distinct breeds, nnd of all 
colours : transverse bars oa the legs are not rare in duns, inousi> 
duns,Bnd in one instance in a chestnut: a laint shoulder-stripe may 
Fiomctimes be seen in duns, and J have seen a trace in a bay horse. 
My son made a careful examiuntion and sketch for ma of a dun 
Bvlgian cart-horse with a dosble stripe on each thould«T and with 
Irg-stripes; I have myseU seen a dun Devonshire pony, and a 
small dan Welsh pony has beeo carefully described to me, both 
with ttr« parallel stripes on each shoulder. 

In the north-west part of India the Katlywar breed of hurKN 
BO generally striped, that, as 1 hear from Colonel Poole, who 
mined this breed for the Indian Government, a horao without eI 
is not considered as purcly-brcd. The spine is always striped 
legs ore geneially barred; and the shoulder-stripe, which is some- 
liuoa doable and sometimes ttcblo, is conunoa; the side of the 
face, moreover, is sometimes striped. I'he stripes are oftm pUicest 
in the foal; axA soraetimci quite disappear in old horses. Colonel 
Poole hoa seen both gray and bay Kattywac horses striped when 
first foaled. I have also reason lo sospecC, from informatioa given 
me by Mr. W. W. Edwards, tliat with the English tsoe-horse tha 
spinal stripe is much commoner in the foal than in the foU-groi 
animoL I have myself recently bred a fool from a bay 
spring of a Turcoman horse and a Fiemish mare) by a bay En; 
tace-horse; this foat wheri a wecic old was marked on its hi 
quarters and on its forehcai with numerooB, very narrow, daA^ 
zebra-like bars, and its Irgs were feebly striped : all the stripes 
diosppeared completely. Without hem entering on further del 
1 may state that I have collected cases of leg and shoulder atiipit 
in borecaof very diflcrcnt breeds inmriouscoonlrics from Britain ■" 
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Esstcm Cliiaa; snd from Norwnj in the north lo Iho Mnlny Arohi- 
pfligo in tho sonth. In all parts of tho world thcsD stnpta occur 
Ihr ofteoMt in duns and mouse-duns ; by tha term dun a lur^ nmge 
of colour is included, from oao botwecc brown and black to a closu 
approach lo cream-coloitr. 

I nm aware that Colonel Hnmilton Smith, who has writt<!Q on 
this vabjict, believes that the several breeds of l)io horso are 
dttKWuled from several aboriginal speclea — ono oC which, tho dun, 
nas striped; and that the above-deitcribed appcaratices are all due 
lo andcnt crosses with the dun stock. But this view may be safaly 
rejeeWd ; for it is highly improbabla that the heavy BelgiaD can- 
b«f»o, Welsh ponies, Norwegian cobs, the lanty Knttywnr race, &c,, 
inhabiting the most distant parts of the world, ahoold all havu 
been croeicd with ono supposed aboriginal stock. 

Now let tu turn lo the effects of crossing the tevoral spociea of 
the horse-genna. Rollin asserts, tliat the common mule from the 
SM ant) horse is particularly apt to have bars on its )egs; ae«ord- 
tog to Hr. Oosse, In certain parts of the United States about tune 
out of ton males have striped l^a. I once saw a mule with ila 
legs so much Btripod that any ono might have thought that it waa 
• hybrid-iebm ; and Mr, W, C. Martin, in his excellent treatise on 
the hone, has given a figure of a similar mule. In four coloured 
drawing which I have seen, of hybrids between the au and Eebrn, 
Iho loss were much more plainly barred than tho rest of tho body; 
and in one of them there was a double abouldcr-stripe. In Lord 
Morton's famous hybrid from a chestnut mare and mole qnagga, 
the hybrid, and even the pure offspring Eubsequently produced 
from the samo mare by a black Arabian sire, were much mora 
plainly barred across tho legs than is even the pure quag^ 
Lastly, and this is another most remarkable case, a hybrid has been 
ll);iu«l by Dr. Gray (and lie informs mo that he knows of a se<»TMl 
nue) from the ass and the hemionus ; and this hybrid, though (he 
as only occasionally has stripes on his lo^ and the hemionus has 
noDo and has not evon a ahonidor-stripe, nerertheless had all four 
lo^ barred, and hml throe short shoulder-stripes, like those on tho 
dno Devotuhiro and Welsh ponies, acd even had some eebro-liko 
stripes on tho sides of iu faco. Witii respect to this lost fuct, I was 
M eoDviuccd that not even a stripe of colour appeare from what is 
commonly called chance, that I was led solely from the occurrence 
«f Um fsce-itripM uo this hybrid front tha ass and hemionus to ask 
Cclonsl Pade wbethor such faco-stripes ever occnrred in the emi- 
MBlly striped Ksttywar breed of liorsM, and was, as wo hare m 
tniwemd in the afRrmalire. 
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What cow are wo to Bay to thrae several facts ? 
divTicct ipocies of the horK-gcuus bccatnin^, hy eimplo varifttii 
*triped on tbe legs like a zebra, or striped on Iba bIidu1<I( 
u^. In the horse wo see this tendency strong whenever & dtia lint 
nppcats— a lint which approoclics tu tliat of the gencnl rolonring 
of the other species of the genua. The appearnnoa of the stripes is not 
Hccompanied by lujy change of form or by any other new character. 
Wc see this tendency to become striped moat strongly displayed in 
hybrids from between sereml of tho most distinct species. Now 
'ibserve the case of the several breeds of pigeons : Ihoy are descended 
from a pigeon (including two or three sub-species or geographical 
races) of a blaish colour, withecrtain bars and other marks ; and wbe&,<l 
noy breed assumes by sinipla variation a bluish tmt, these bora 
"ibcr marks invariably rcapjiear; hut without any other chonj 
fonn or character. When the oldest and truest breeds of vai 
colotiTS are croasod, we see a strong tendency for the blue tint and bara 
and marks to reappcniin the mongrels. I hare stated that the most 
probable hypothesis to account for the reappearance of ray ancient 
character, is— that there is n tcndaicij in the young of cadi sttcces- 
nive gcnention to produce tbo long-lost cbiwacter, and that this 
ICDiIeDcy, from unknown causes, sometimes prevails. And we hare 
jiiat seen that in sorcraL xiitclcs of the horse-genus the stripes oru 
cither plainer or appear more commonly in the young than in the 
old. Call the breeds of pigeons, totno of which have bred true for 
centuries, species ; and hoiv exaclly parallel is the case with that of 
the species of tbo horac-gcous 1 For myself, I venture confidently 
10 look bach Ibousaods on thousands of genenitiona, aod 1 see od 
iiiiimal striped like a Kcbrs, but perhaps otherwise very differently 
coiistroclod, the common jiarait of our doiniMtio horse (whether or 
not it be dosceodod from one or more wild stocks) of the ass^ (ha 
homionus. qiiaggn, and Eebra. 

ilo who believes that each oquino specie* was independeni 
mated, will, I presume, assert thai esoh speeiea bM hem 
with a tendency to vary, both under mituru and under domestical 
in this particuiar manner, ta as oAen to become striped like the 
other species of the genus ; and that each has been created with 
a strong tendency, when crossed with species inhabiting diclwit 
ijuarteTB of Ihe world, to prodaco hybrids itscmbling in their 
Biripcs, not their own parents, but other species of the genua. To 
ndmil this view is, as it seems to me, to reject a real for an unmli 
or at leait for an imknown, cansc. It makes Ihe works of Cod » 
mere mockery and deception ; I would almost aa looa believe 
tho old and i^omnt cosmogonists, thnt fossil shells bad 
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Summary. — Oitr iEOornnce of Ihn Lurs of variation is prorouml. 
ot in ono case out of a liundrol can wo pretend to assign any 
Reason wbj thii or that part bos varied. But whfQcvcr wo h&ve 
Ibfl mMna of instituting a compariBion, tba anmo Uwh appear to 
|liBvo aot«d in producing tbe lesser difforaQras between varieties of 
kmo species, and tbe grcat«- difTercoces bctweca species of the 
•anM genus. Cbsn^ conditions generallj induce mere fiuctiiating 
vnmbtlitj, but sometimes tbcy cause direct and deHnile eSecU ; 
•nd these nsy become strongly muked in tbe conrae of time, 
thousb we have not rafficiebt evidence on this head. Habit in 
'~|>rt>iluclng constitntional pccnlisrities and use in strengthening and 
disuse In weikcttic^ and diminjabii^ orgnns, appear in many coec^ 
to have been potent in tbcir efTccts, Homotc^iis parts tend to vary 
in the same manner, and homolosons parts tend to cobore. Modifi- 
cations in bard parts and in eitcmat parts Bomotimcs affect softer 
knd totenal parts. When one part ia largely developed, perhaps it 
tends to draw nocrislinjcnt from the adjoining ports; and every 
jMrt of the Btmcture which cnn bo saved without detriment will 1m 
Hved. Chsngea of itriicturo at an early age tnay atf(«t parts sub- 
sequently developed ; and many cases of corre]at<:d variation, tUo 
nature of which wo wo unable to unJcrstimd, undoubtedly oeciir. 
Hnltiple parts ar« variablo in number and in slructurc, perbnpH 
arising from such parts not having been closely spedaLjcd for any 
pirtlcnliir fnoctlon, so that their moilificattoniibava not been closely 
chocked by nataral selection. It follows probably from this same 
that organic bein^ low in tbe scale are roore vari-ible than 
tfaoM atkndiiig higher in the icale, and which have tbcir wliitte 
tirgwdsatlon more specialised. Iludimentary oi^ans, from being 
ITS not regulated by natural selection, snd hence nru 
TwiiMo. Bpecific chsracters — that is, tho characteis which hnvu 
come la differ since the severti species of the tame genus branchijd 
off fntm ■ common parent — ara more variable than generic elis- 
nctera, or tbono which have long been inherited, and have not 
dllTered within this same period. Tn these remarks wo have tG' 
&ned to special parts or organs being still variable, becaoso they 
bare recently raricd and thus come to diCfer ; bnt wa have also sven 
in Iki second cbopUr that the same principle applies to the whole 
tttdHdnol; for in a district where many species of a grnas are 
iMtni— that Is, whera there has been much former variation and 
diflbrcntktion, or where Hie manufactory of new specific forms hns 
been aetiveljr at work— In (bat district and amongtt thru apccivM, 
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we now find, ou an arcm^ most varieties. Scctmdary kxdhI 
characlcrs nrc highly variable, and such chaiactecs diCTer macb in 
the species of the same groop. Voriabilit; in tbo anine parti of tha 
orgaaieatioQ has generally been taken advantage of in giving wcod- 
daiy sextial diOereiiccs to the two sexes of the same species, and 
ip«ctfic di&('reocos to the several speciei of the same genns. Anj 
part or oi^an developed to an extraordinary «m or in an extra- 
ordinary manner, in compariGon nith the same port or organ in tEio 
allied species, mnat have gone through an extraordinary amount of 
modifiration since the genus arose; and thus we can andersland 
why it should often still be variable in a much higher d^rco Ihiiu 
other parts ; for variation is a loog-contbued and slow proctas, and 
natural selection will in such cases not as yet hav0 bad Ume to 
overcome the tendency to further variability imd to reversion to a 
less modified state. But whea a species nith any extraordioarilj- 
developed organ has become the parent of many modified descen- 
dants— whicii on our view must be a very slow pnweM, requiring a 
I'lDg lapse of time — in this cose, natural sdection hai mioc«eded in 
pviDg a fixed chaiactcr to the organ, in however esbaorditiaiy a 
raanuer it may liavo been developed. Species inhentlng nearly the 
same constitution ^ra a commcn parent, and exposed to aimilor 
infiiiencea, naturally tend to present analogons variationi, or thesa 
name species may occasionally revert to some of the characters of 
their ancient progenitors. Although new and important modilica- 
tions may not arise from reversion and analogons vaiiatlon, sach 
modifications will add to the beautiful and hannonions diver«ty of 

Whatever the cause msy be of each slight difference betwMD the 
eflDipriog and their parents— and a cause for each must exist — vro 
have reason to believe that it is the steady nccumulatioa of bene- 
ficial diffi^icnces which has giv«n rise to all the more important 
modifications of structure in relation to the habita of each apecies. 
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IMScoIUm of ibe thcDty ordetF^nt itith laodilicotian — AUcace or ivnKf 
at tniultiaul nuisliei — TratuitloDs In htbili of life — DiTcrslSed 
ti(blU la th« lome *pccic> — Species with habiti widely diflcicnt 
from thiHi of their lilica — Orgaiu of eilrema perfectioii — l&tAa of 
tnuulHon — Case* of diflScnU; — Natnra odd Ihcit uUnm — Orgnni 
nrnnll Importuce — Orgaiu not in all oua abxiliitcly perfect — 
TheliwofUnitf ofTTpeaodoI' the Oooditioiu of Eiiitence embnctd 
bf tb« Ihcorf of h'atnriil Sdcctioa. 

Lose yxUm Uie reader bas arrived nt this part of mj wort, a citurd 
of difficulties will have occarred lo bjm. Some of them aro ut 
Mrioue thiit to tliii lUjI can hudlj reflect oa them without bciu^ 
in MHna degree staggerad; but, to the best of my judgment, Iho 
uamber aro only D|)piireDt, and those that aio real aro greater not, 
I tiiitik, fatal to th« tbwry. 

Thtw difficultiva and ohjectionB maj \» ckascd under tho follow- 
togbtttds; — First, why, if species havadcsccodcd from other species 
bjr Gne gradations, do we Dot evoiywlicrD see jrmumcrBhla tran- 
eilional fbnns? AV'hy ts not all cature in confusion, instead of tho 
tpscMS bciog, as we eee them, well defined ? 

Secondly, is it po^ble that an animal having, for ingta&co, tbo 
■tructiuv and habits of a bat, could have been formed by the modifi- 
ntion of Mme other animal with widely-different habits and 
■traotureZ Can wo believe that natural eelecUoa oould produce, 
OD the one hand, an organ of trilling importance, cnch as the tall of 
• giraSe, which acircs as a fiy-Oapper, and, on the other hand, an 
ot^an w wonderful a« tba eye ? 

Thirdly, can instincts be acquired and modified thrtntch natnial 
adeetiou ? What shall we say to the instinct which leads the bco 
to XOlkn Mlla, and which has piactically anticipated the discoTeriea 
of i«of(niDd mathematicians ? 

Foorthly, how can wo account for species, when craaaod, being 
•Dd producing iterile oSspring, wherr'sa, when tarietiea aro 
, tbeit fertility is nnimpaired ? 

The two first hesda will here be diecuSKd ; lotnc miicrllaneona 
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objectioDH in ILd follEiwiDg chapter ; Inslioct and UybriilUm in Iha 
two succeeding clmpters. 

On (Ae Alnence or Earity of TrantUiontd Varitlir* — As natilnl 
■cleclioa acts solely by the prcacrration of proStable modificalioDs, 
(nch nevr Soim will tcoil in a fullf-stocliod country to take the place 
of, and finally to extflmiinate, ita own less improved parent-fom 
and other less-favoured forms with wbicU it comes into ooDipetition. 
Thus extinction and natural selection go hand in hand. HcDce, if 
we look at each tipecica as descended from somo unknown fonu, 
both the parent and all the transitional varieties will generally haro 
been dterminfttcd by the very proctra of the formation and per- 
Icclion of the new fcnn. 

But, as by this llieory innnmcrablc traniiitional fornis mvat hays 
existed, wliy do wc not find lliem embedded in eouatloxs Dumben 
la the crust of the earth ? It will bo more convenient to discott 
thit question in Ibo chapter on the lin[ierfection of the Qeological 
Kecord ; and I will heru only stats that I believe the aniwet mainly 
lies in the record btiiig inmmparably less perfect than ia gracinlly 
supposed. Tiio cntit of Ibc earth is a Tast muMum; bet tlia 
natural collcclions havu bc«u imperfectly made, and only at long 
intervals of titno. 

But it may bo urged that nlicn several cloeely-allied spedea 
inhabit the same tertllury, wo surely ou^bt to find at tlie prefcut 
time many tran^titouil forros. Let ns take a simple case : in 
travelling from north to south over a continent, we generally meet 
at sncoessive interfals with closely ulliod or representative species, 
evidently filling nearly the same phco in the natural economy of 
the laodl These repr«aentativo species often meet and interlock ; 
^nd OS the one becomes rarer and rarer, the other becomes more and 
more frequent, till the ono replaces tlie other. But If we cotnpato 
these species where they inlcimin^Ic, tliey are generally as alMolulely 
distinct from each other in overy deUiil of stncturo as nn ipecimeiui 
Liken from the metropolis inhabited by each. By my theory tkeao 
iillicd species are descended from a common parent ; and during tho 
process of modification, each bos become adapted lo the conditions 
uf life of its onn region, and has supplnnlod and exleiminatad its 
original [wrent-form and all the transitional varieties WlweeD its 
1>ast and present states. Hence we ou^ht not Ut expect at the 
present time to meet with numerous Inuisitioual varietie* in each 
region, thoi^h they must havo existed there, and may be embedded 
there in a fossil condition. Biit in the intermediate re^on, having 
intermediate conditions of life, why do we not now find cloMly-. 
linking intermniiate varieties? This difllculty for a long 
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qniU confounded mo. Bnl 1 think it can 1 

In the first place wo thoulJ Im estreinely c 
Iwcauie an ntfii is Don contiauoDs, that it bus bven < 
during » long period. GpoIo^ would lend os to believe tlmt most 
iDiiiinenta have be«n broken Dp into ialnnds even during ttio Uler 
Icitiitry periodi ; *nd in such islands disttnot species miglit bnvo 
brin wparatcly rormed withont the posaibility of intennedinte 
varieties existing in the inCermedinte zonoa. Uy changca in tLs 
form of tbe land snd of climate, tnivrinc nreaa now continuous must 
ofleo have existed within recent limes in a far loss continuous and 
tinilbrm condition than at present But 1 nill pass over thi* -vraj 
of escaping from Iho difficulty ; for 1 believe that many perlectly 
dfflned species bsvo becQ formed on strictly continuous arras; 
though I do not doubt that the formeriy broken condition of ureas 
now continnous, has played an important part in the formation of new 
■peciei, more especially with freely-crossing and wandering uiimaU. 

Id looking at species as tbey are now distributed over a wide 
anw, we generally find Ihem tolerably nnmerons over a lai^o 
torilory, then becoming somewliat abmptly mror and rarer on the 
eonflnei, and finnlly disappearing. Hence the nentral territory 
hf tW M U tvro represcntntiTC species is generally 11.11TOW in comparison 
with the territory prcpot to each. Wo see the same fact in 
laeaiding monnlains, and sometimes it is quite rcmutable how 
»braptly, as Alph. da Candolle has observed, a common alpine 
^ledca disappenrs. The Rtme bet bss been notiocd by E. Foibc* 
in fonnding the doplbs of the tea with the dredge. To those who 
look at dimato and the physical conditions of life as the nll- 
imiortant elements of diatribntion, these facts ought to entiM 
snririsf, as cUiuato ami beigbt or depth graduate away insensibly. 
But when wo bear in mind that almost every species, even in il.s 
motmpolis, troidd inercnse immensely in ntimbera, were it not for 
other competing S[iecics ; that nearly all either jirey on or serve ns 
p»ry (Or otliers ; in short, that each organic being is cither directly 
(IT IndirecUy related in tlie most important manner to other organic 
Ininga, — vre see that the range of the inhabitants of any country 
liy no means excluEivcly depends on insensibly changing physical 
conditions, but in a largo part on the presence of other species, on 
which It lives, or by which it is destroyed, or with which it comes 
tnta Kimpetition ; and as these species are already defined objects, 
iwt Untdlng one into another by insensible jitndalions^ the rangs of 
■njr OM Rptciea, depending an it does on the nngo of othon, will 
tral to be sliarjily defined, Rtorrovcr, enpli sprcies on (be ttinflnrf 
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d[ its nmgc, where it exists in lessened numbers, will, diirlog &ucta> 
ktions ia tho number of iU enemies or of its i)rey, or in the nature 
of the Kcuona, be extremely liable to utter cxtennlnalion ; uid thui 
iU gco^phicftl range will twne to be atiU more aharply deSned. 

As allied or repreientative Bpecles, wbt-a inlmbitiog a conlinudiu 
urea, are genemliy distributed in such a mnnoer tiiat each has a 
wide range, with a comparatively ubito't neutml tcriitorjr betwccc 
them, xa which they become mtlier snddeoly rarer and rarer i then, 
OS varieties do not essentially diQer from species, the aune rule will 
probably apply to both ; and if we take a vaiyiog apeciea inhabiting 
II very large area, we shall have to ndapt two vaiicties to two largo 
areas, and a third variety to a narrow intermediate zone. The 
intormediato variety, consequently, will exist in lesser numbera 
from inhabiting a narrow and lesser area ; and practically, as far a* 
I can make oul, this rule holds good with varieties in a slate of 
nature. I liavo met with striking instances of the rule in the caso 
of varieties intermediate between well-marked rarieljec in the genua 
lialanoa. And it would appear from information given me by Ur. 
Watson, Dr. Asa Gray, and Mr. Wollaaton, that generally, when 
varieties intermediate between two other form* occur, they arc much 
rarer numerically than the forms which they connect. i<ow, if no 
may trust these facts and inferences, and conclude that varieties 
linking two other varieties together generally have euslcd in lesser 
cumbers than the forms which they connect, theQwecannndetslaiid 
why intermediate varieties should not eodore for very long periods : 
— why, as s general rule, they should bo exterminated and disappear, 
Booner than tho fonns which they originally linked together. 

For any form existing in. lesser numbers would, as already 
remarked, ma a greater chance of being exterminated than one 
existing in large numbers ; and in this particular case the iater- 
incdiate form would be eminently liable lo the inroads of closely- 
allied forms existing on both sides of it. Bat it is a ttr mora 
important consideration, that dtuing the proeea of further uodiG- 
eation, by which two varieties are supposed to he converted and 
perfected into two distinct species, the two which exist in lugcr 
niimbers, from inhabiting larger areas, will have a great adrantagu 
over the inteirnediate variety, which exists in emaller nnpiben 
in a narrow and intermediate cone. For forms exisUng in larger 
numbers will have a better chance, within any given period, o 
preheating further favourable variations for natnial selection ) 
seize on, than will the rarer forms which exist in leaser n 
Hence, tho more comaon forms, in the mco for life, will tend I 
brat an-1 Bnpplant the less eoninion f^-niis, f<ir llieno nill W Ti 
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Elowljr modified and improved. It is tlio tome principle wliicfa, m 
1 belisTe, accouDts for the connnon EpecieB in ench coimtrj, m 
thoirn in the aocond chapter, proaenting on an avemgo a p^»tcr 
number of well-maiked TOticties than do the rarer species. I may 
illustrato what 1 mean by supposing three varietlGS of sheep to be 
kdpt, one adapted to an extensive mountainous region; a second 
lo a compuratively narrow, billy tract; and a third to tho wido 
plains at the base; and that tho inhabitants are all trying with 
eqL-.i; ftt«idiuess and skill to improve their stocka by eelection j the 
chances in tbia caae will be strongly in fnvonr of tho great holders 
on Ihs mountains or on tho plains, improving their breeds more 
quickly than the email holders cu the intermediate narrow, hilly 
tract ; and consoquenlly the improred mountain or plain breed will 
Koon take the place of the Icis improved lull breed ; and thus the 
two breeds, which originally existed in greater numbers, will come 
into ckMe contact with each other, without tlie interposition of the 
titpphinted, intermediate h ill- variety ■ 

To sum np, I botiero that specioe come lo be tolerably well- 
defined ohjecIs,aiid do not at anyone period present an incitricnblo 
rliaoa of varying and intermediate links: first, because new varie- ! 
ties ara very sloicly formed, for variation is a tlow process, and 
natural selection can do nothing until favourable individual 
dilforonccs or variations occur, and until a place in the natural 
]Kility of the country can be better filled by some modification of 
eome one or more of Va inhabitaDtx. And cucb new phtces will 
dopnnd on slow changes of climate, or on tho occasional immigration 
of Boir inhabitants, and, probably, in a still mora important degree, 
on aome of the old inhabitants bocoming slowly modified, with tbo 
new bmis thus produced and the old ones acting and reacting oa 
eseh other. ^ that, in any one region and at any one time, wo 
uofbt to ice only a faw species presenting slight modifications of 
nrnetnn in Mnio degree permanent ; and Ihia oiisuredly wo do ace. ' 

Secondly, arras now continnoos must often have existed within 
lh« noent period a* isolated portiona, in which many forms, more 
cspndally amongst the classes which nnite for each birth and 
wander much, may bnve separately been rendered sufficienily 
distinct to nuik as reprosentativo spcciea. In this case, inter- 
mediala varieties between tho several reprcaentative species and 
their common parent, miut formerly have existed within each 
isoiatcd portion of the land, but these links during the process uf 
oatnrvl selection will have been supplanted and exterminated, so 
llial ibey will no longer bo found in a living state. 

'Hiirdly, when twoor mora varieties have bcoti fomicd iu difTemit 
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pottionB of a etrictly coalinaoiis area, inlermodiBto viriotiiw will, it 
is probalilo, at firat have been formed in the intcrmcdiato Konc»,bnt 
thay will generally have had a eliort duration. For iheae inter- 
mediate vorietiiiB vrill, from rcssons already assigned (namely froa I 
what we knoir of the actual distribatioa of closely allied o 
aentative species, and likewise of achnowledged varieties), exist li 
the intermediate zones in lesser numbera than the varieties irhioh 
lliey tend to connect. From this cause alone the intemiediat* 1 
varieties will be liable to accidental eitcrmination ; and daring tbd i 
process of further modification through natural selection, tboy will 1 
nimost nrtuoly be beaten and stipplanted by the tonus which thef 4 
connect ; for these from existing in greater nomberB will, in tb«n 
ii:gregat(^ present more Tarietict, and thus be further imiiroTed'a 
through natural solocUon and gain further advantages. 

Lastly, loobin;; not to any ono time, but to all time, if my theory 1 
bo true, nitmberlcss intcnnediate varieties, linking closely together 
nil the species of the same group, must assuredly hare existed; but 
the TOiy process of natural selection constantly tends, as has been 
so often remarkod, to exterminate the parent-forms and the iottr- 
juediate links. Consequently evidence of their finmer existence 
could be found only amongst fossil remains, which are preserved, m 
no shall attempt to show in a future chapter, in an extrwncly im- 
perfect and intermitlent record. j 

On tin Oritjin atid Tmtuitiom rf Or^nte BHn<i> with ptr.uVarm 
ffabitt and Slructart. — It has been asked by the opponents of sacb'fl 
views as I hold, how, for instance, c«tild a Utid caraivrmus animal^ 
have been converted into one with aquatic habits; for bow could 
the animal in its transitional state have subsisted ? It wonld be 
easy to show that tiicre now exist eaniivorous animsli presenting 
close intermediate ewdos from strictly terrcaltial to aquatic habit* ; 
and OS each exists byastruggte for liie, it is dear that eaeh must bo 
well adapted to its place in nature. Look at the Mnttelavison of 
North America, which has webbed feet, and which resembles an 
utter in its fur, short legs, and form of tail Durii^ the summer 
this animal dives for and preys on fish, but diaing the long w" 
it leaves the frozen waters, and preys, like other polecats, on 
wd land animals. If a different cose had been taken, and It 
l>ccn asked howanineectivoronsquadniped could possibly have tx 
converted bto a flying bat, the question would have been far mflrgV 
difficult to answer. Yet I think such difficulties hare little welghl. f 
Here, aa on other occasions, I lie nndct a heavy disadrantago, feir^5 
out of the many striking cases which 1 have collected, I can giw 
only one or two insLinccs of Imniilionnl baWLi and stmctnwa in 
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tWvA apecies; ud of dlveniSed Labita, eitbcr coiuilaiit' or occa- 
tioiul, in the some species. And it seems U> me lliat nulhin;[ less 
thuii A long lut of aucb cntcii is suScienC to lessen ibo diHiculty in 
uDf iwticQbr case like that of Uig bat. 

Look at the fttmilj of tqniiTels; here ne have the finest gni' 
datioa ban aoimBls with tbcir taiU only slightly flattened, Riid 
from etheTB, as Sir J. Kichardson has remarked, with tbo poslorior 
jnrt tjt their bodies rather wide and with the skin on their flanks 
lathtx fuil, to the ao-caUcd flying squirrels; and flying BquirroU 
hare their limbs and even the base of the tail united bj a bioad 
ciFnniB of akin, tchich serves as a parachute and altowa them to 
pllde through tbo air to an astonishing distance from tree to tree. 
W* cannot doubt that each itrQCloro is of use lo each kind of 
oquirrcl in its own country, by enabling it to escape birds or beasts 
vl prey, to collect food more quickly, or, as there ia reason to 
helierei to lesson the danger from occasional falls. But it docs net 
follow from this fact that the structuiv of each squirrel is the best 
that it ii poasibla to conceive under all possible conditions. Let 
the clinute and vegotatloa chao^ let other cotopeting rodenis or 
new beaata of prey immigmlc, or old onoa become modihed, and all 
analog; would lead ua to believe that some at least of the squiirela 

' would decrease in numbers or become exterminated, unless ihoy 
bIm became modified and improved io structure in a coirespondiii^ 
Therefore, I can sea no difficulty, more especially nndi-r 
chaugiag conditions of life, ia the contintted prFeervation of indi- 
vidtult with fjllcr and fuller flank-mcmbraaei, each modificaliou 
being twcfnl, «ach being propagaled, until, by the accumuUli'd 

, t-flects of this process of natuml selection, a perfect so-called tlyin); 

I aquirrc) waa produced. 

Kow look at tba GalcopitliecuB or so-callnl flying lemur, wliidi 
(unnixly waa ranked amongst bnis, but is now believed to btlon^ 
to tbo Ittsectivom. An extremely wide flank-mcmbmnc slrttcbct 
frtnn the comtrs of tlie jaw to the tail, and includes the limha 

I with the elnngntcd flngets. This flank-membrane is fumiahod with 
w mitaclc. Although no graduated links of structure, fittwl 

I tor gliding through the air, now connect the Galeopithccui wiiii 
tha other lD*(<ctivor«, yut there is ito difficulty in supposing that 

i lueh linka Ibrmerly existed, and that each was developed in llio 
IB with the Less pcrfoctly gliding squinvls ; each gtndo 

I >f ttnoiuta having been UKful to its poAseator. Nor can 1 mo 

I oiy lanptnhlo difficulty in further believing that the mciubrsue 
' ' ■» and forc-artn of the Galeupitheca* niiKQt harn 
a gmtiy lunslhennl bj- natural seltction ■ ami this, as far aa lh» 
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c?rgonB of'Sisbl nro coocrmal, would hnvo coovcrtw] iho aaitnAl 
inUi a bat. In ccitaiu bats in n^hich the wing-mcmbraae ciI«iuLi 
from tbe top of tho BhouUer tolho toil and tocludes tbo hind-legi^ 
wo potbnpii EM tnuxB of au apparatus orlgbatly fitted for gtiding 
tliroD;;h tho air rather than for flight. 

If about a dozen genera of binis were to become extinct, wbo 
would bnva ventured to aiirmiBO that birds might liave cxiotei) 
which used IhnJr wiogs iolely as Happen, like tbe logger-beaded 
duck (Micropterus of Kyton) ; as fins \a the water aod aa front'lega 
on tbe land, like tbo penguin ; oa salts, like tbe oatrich ; and Innc- 
tionally for no purpose, like the Apteral? Yet the ttmcture of 
each of tbeso birds is good for it, nader the conditions of life to 
which it is exposed, for each has to live bjastruggte; but it is not 
Doceaaiilj the beat possible under all possible conditioniL It must 
not be bfcrrcd ftom theso remarks that t,aj of tha grades of wie^- 
stnicturo h?rs alluded to, which perhaps may all be the result of 
disuse, indicate tbe stcjis by which Mrds actooll; acquired their 
jNTfect poncr of Sight; but they serve to show what diTcrsified 
means of trxnsition are at least possible. 

Secios that a few membcre of such water-breathing classes as 
the Crustacea and UoUusca are adapted to lire on tha land; and 
feceii^ that we hare flying biids and mammals, flying iaaects of the 
most diver^Ged types, aud formerly had flying reptiles, it Js con- 
ceivable that flying-flsh, which now glide far through the air, 
slightly riiiing and turning by the aid of their fluttering fins, might 
have been modified into perfectly winged animals. If tbii had 
been eSected, who would have ever imagined that in an cwly 
transitional slate they had been the inhabitants of (he open ocean, 
and had used their incijnent organs of flight rzcluaively, as far an 
we know, to escape being devoured by other fish ? 

When wa see any ntructure highly perfected for an; puticnlar 
habit, aa the wings of a bird fur fiight, we should bear in mind that 
animals displaying early transitional grades of the ftructore will 
seldom have anrvived to tha present day, for they will have been 
BUpplanled by their successors, which were gradually rendered moro 
perfect through nntutuL selection. Furtbcnnoro, we may conclndo 
that tntnsitionn! states between structures filled for »ery diflbi«Dt 
h:ibits of life will rarely have been developed at an early period in 
great nurabera and under many snbordinato forms. Thtta, to retttm 
to our imaginary illnstratian of the flying-fish, it does not aeom 
probable that fishes capable of true flight would havo been developed 
under many subordinate forms, for taking prey of many kinds in..— 
tnany ways, on the land and in the wat<?r, until their organs offligT"" 
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liod come to 3 hi^L stage of perfection, eo as to hare given tl^cm n 
Hccidnl advantage over otbcr animals in the battle for life. Ubgcb 
the cbwice of diacovering spccicn nith truEitional grades of striic- 
toro ia a fossil condition will always ba less, from their bavin,; 
eiieled ia lesser Dumbcrs, than in tlie cose of species wIlli fully 
developed alructures. 

i will now givo two or three instances both of divcralficd niid of 
changed habiU in the individuals of the same species. In either 
(MM it would bo easy for natural selection to adapt the structure 
of the animal to its changed habit^ or exclusively to ono of itH 
sovtral babtts. It is, however, difficult (o decide, and immalerial 
kt OS, whether habits gcDcrally change first and structure nl'icr- 
wud«i or whether slight modifications of structuio lead to cliauged 
lutbita; both probably often occurring almost simullancously. Of 
dM of changed habits it will suffice merely to sllnde to that of ttio 
tnuij British insects which now fe«d oa exotio plants, or exclu- 
■iTcly oo artilicial substances. Of diversified habtti innumerable 
instuioi* could be given : I have often watched a tyrant flycatcher 
(Souropbagas sul phurslus) In Sooth America, liovoriog over onii 
•pot and Ihca proceeding to another, Uke a kestrel, and at other 
lime* standing stationary on the margiD of wator, and then dashing 
into it like a kiogfishcT at a fish. In our own country the larger 
lilmoute (FaniB major) m.iy bo seen climbing branches, almost Ukc 
A creeper; it aomotlmcs, like a shrike, kilU small birds by blown 
oa ibo head ; and I havo many times Ecen and heard it hammering 
ibo teed* of the yew on a branch, and thus breaking them tike a 
nuthatdi. In North America the block bear was seen by IIorDc 
owitDmlng for hours with widely open mouth, thus catching, almost 
like a whala, insects in the water. 

As we sometimes see individuals folloning habits different from 
thoM jvepei to tiicir species and to the other species of the same 
might expect that such individuals would occasionally 
E>T« rise to oew species, having anomalous habits, and with their 
Mractoro either slightly or considerably roodi&ed from that of 
Ukcir type. And such instances occur in nature. Can a more 
•trikin;; instance of adaptation be given than that of a woodpecker 
(or climbing trees and sailing insects in the chinks of the bark ? Tct 
iu Korth America there are woodjieckers which feed largely on fruit, 
and oUitis with elongated wings which chase insects on the wing. 
On tbe plains of La Plata, whore hardly a tree grows, there is a 
•roodpfCkcr (Colaptes cainpeslrls) which has two toes before and 
two behitui, a long pointfd lunguo, pointed tail-feathers, siifGcientljr 
Miff to support the bird In a veitic-il i<w:tioa on a )>osl, but not ao 
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stiff U in tbe typical woodpcckpra,aiids gtmiglit stroog beak, Tho 
lieAk, liowevor, is not ao stniigbc or ■□ ftroog u in the t7pi;al 
woodpeckers, but it a strong enough to bore into wood. Uonc* 
this Gjluptes in all the Essential pu-ls of its sUuGlura is a n 
pecker. Even in such triiling cbaractora as tho ooloiirin^, 
l^BiBh tone of the voice, and imilulatory flight, its close LI 
roiationahip lo our commun woodpecbtr is plainly declnfEd; 
as I can assort, not only from D17 own observations, but from tboa? 
of the accarato Azara, in certain krgo districts it dova uol diiob 
trees, and it makes its nest in holes in banks! In certain other 
tlistricts, however, tbia same woodpecker, as Mr. Hudson elates, 
rrequeuls trees, and bores boles in the trunk for its nnt. I nmy 
nieution as another illustration of tho varied habits of ibis Ecniis, 
that a Mexican Coltptes has been described bj Do Saussure as 
boring holes into hard wood in order to lay up a aton of acomi. 

I'etrels ars (he most aerial and oceanic of birds, bnt in the quiet 
sounds of Ticrra dd Fu^o, the Fuffinuria betaidi, in its general 
habits, in its astooisbiog power of divino;, in its roaniwr of swini- 
miug and of flying when made ti) take Qight, would be mistal 
by any one for an auk or a p^be; ncTettbelea it la essontiallj. 
petrel, but with many porta of ita oi^nisation profoundly modif ' 
in relation to its now habita of life ; whereas the woodpecki 
1^ I'iata has had lis structure only slIgfatiT modified. In the 
of the watciHjmol, the acutest observer by examining its dead " 
tvonid never iiave suspected its sob-oqiutic habita; yet this bil 
which is allied to the thrush family, subsists by diving— using 
u'ings under water, and grasping stones with its feet. Alt 
lucmbeis of the great order of Uymcnopl«rons inaecta are temntrial, 
excepting tho genus Proctotrupcs, which Sir John Lubbock has 
illscovercd to bo aquatic in its habits ; It often enten the wstcr and 
dives about by tho use not of its legs but of lis win|^ and remains 
as long as four boors beneath the sarfoce ; yet it exhibits no modi- 
lication in structure in accordance with ita abaortnal habita. 

lis who bclicvca that each being has been crcatcil as wo now acq 
it, must occasionally have felt surpriae when ho bos met with an 
iitiimal hadng liabits and stractucu not in agreement. What can 
bo plainer than that the webbed feet of ducka and geese are tbnned 
for swimming 7 Yet there ore upland gccse with webbed feet which 
rarely go near the water ; and no one cicept Audubon has seen the 
(ri<;at«-bLrd, which has all its fonr toes webbod. alight on the surface 
of the ocean. On tho other hand, grebes and eoola ar* eminently 
aquatic, although their toes are only bordered by membrane. 
Kcms plainer than that the long Iocs, not fnni!i>hcd ' 
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I «r tlie Grillaturcs -iro fanned for witlkiri;; ovur swamps Hod flonting 

li])lanti? — tha witcr-lien acd laadrail ftni members of this order, 

E.jet tbd fint is Rcarlj us aquatic as the coot, and the socond □carl]' 

s lemulrial aa tbe quail or partridge. In siiclt cobim, acd many 

Othoc* could bo ^vcu, hnliits liave ctiangrd without a corredponditia 
kdnUissoTEtnicturvi. ThewubW feet of tlio upland goose iniiy be 
\ Kid to have beoomo almost rudimcntKr; in fuDCtioa, though not 

ia stnclurc In iho frigate-bird, the deeply scooped membraiip 

U'twccn Lho toes allows liiat structure bits begun lo chauge. 

He who believes in sc|«rvitc and innumerable acts of crentiuu 
. may wy, that in these cases it bus picnsed the Creator to cause a 
p btiog oil' one type to take the plnca of one belongiug to anotlier 
ktjrpo; but this seems lo ma otiiy ro-stating tbe fact in di^iBol 
ge. He who l>clievCB in Uic struggle for existence and in tliu 
K.]irinci|>le of natural selection, will acknowledge that every or^nic 

" " g is constantly cndeavonrinii to increase in numbers ; and that 
L if any one being varies ercr so liltle, cither in habits or structure, 
I and thna eaios on advantage over some other inhabitant of the 
L Hune country, it will seize on the phice of tliat inhabitaut, however 
I dilTorBnt thai may be from its own place. Hence it wiU cause him 
1 DO surpriM that thoro should be geese and frigate-birds with webbed 
L fcot, livinj; on the dry laud and rorely alighting on tha water; 
Vihai there should be long-toed corncrakes, living in meadows in- 
d of in swBmpe ; that iboro should be woodpeckers where hardly 
ree eroiVBi Iliat there should bo diving thruehcs and divijig 
\ nyuieDo|iieia, and poliels ivi[)i tbe Imbits of auks. 

Onjant <^ extreme PeT/rtt'ton and Combination. 

To (iippgso that the eye with all its inimttatilc contrivances fur 

^^^ ^Justiog the focus to different distances, for admitiing different 

^^L amoiinta of light, and for tbe correction of spbericnl and chromotio 

^^B Bbemtioii, could have boon formed by natural si'lection, Bcem«, 

^^Ll (rooly confess nbaurd in the highest degree. Vi'hen it was first 

^^HwU that tlio sun stood still and the world tumod round, the 

^^■commoa MOm] of mankind declared the doctrine false ; but the old 

^^KMyingof Vm popttli, vox Vei, as every philosopher knows, cannot 

^^Vka tiuitol in science. Beawn tells roe, thnt if numcrotugradntionn 

^^^ ftwn a simple and Impcrfoet eye to one complri and perfect can 

bs thowD to oiisi, cncb grade being nsdUl lo lis possessor, ni ia 

ecTtaii^y the esse ) if further, the eye ever rsrics and tha variations 

b* UilMrited,aa is ItkowUo certainly tbe ea»; and if such varia- 

Uou should b« useful to any animttl under cbanglng conditions ef 

file, thsD the difficulty of believing that a perfect nnl complex vj* 
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CuuU Ix) formrd ty natural lelMition, though imaperaVta by 
imagiiiatiDa, should not bo oongidered as mbversive of tlu3 th< 
llow a ncrvB cornea to be ecnaitiTe to light, hardly concenu 
more than how tifa itself orismiitcd ; bat I may remark that, 
GOmo of tho lowest or^nisms, ia which nerves caiuiot bo delcetod, 
are capablo of pcrcclvins light, it doca not Beem impcsaiblo thnt 
oerlAin geasUlTe elemcatg Id thoir saroode should bccomo i^igregntcd 
and developed into nerves, cndoived with this npecial sennbitity. 

In searching for the gradations thnn^h which an organ in any 
species has been perfected, we ought to look exclusively to its lincnl 
progeiutoTa; but this is ecortclj ever pogtible, aod we are forced to 
look to other apocics nnJ genera of the same group, that ia to tlia 
coUitteral descendants from the same porent-rorm, in isder to £ce 
what gradations are posiiible, and for the chance of some gmdations 
having been transmiltfd in an unaltered or little ftltcred condition. 
But the stale of the same organ in distinct classes may incidentally 
Ibrow light on the ste[is by which it has been perfected. 

The Amplest organ which can he called an eye consists of an 
optic nerve, surrounded by pigment-cells and covered by truisluccut 
skin, but without any lens or other rebactive body. We may, 
however, according to H. Jourdain, descend even a step lower 
and find ag^gaUs of pigment-cells, apparently serving aa organs 
of vision, without any nerves, and resting merely on ssrcodic lissne. 
Eyes of the above simple nature are not capable of distinct vi^un, 
and serve only to distinguish tight from darkncsa. In certain stxr- 
Ushci, small depressions in the layer of pigment which satiiDnnds 
the nerve are filled, as described by the author just qnolcd, with 
Iransjnrent gelatinous matter, projecting with a convex surface, like 
the cornea in the higher aniualsL He aoggesli that this serve* not 
to form nn Image, but only to conccatmte the Inminoas rays and 
render their perception more easy. In this concentration of the 
nys we gain the first and by far lite most importiuit step towards 
the formation of a true, picture-forming eye ; for we have only to 
]Jace the naked extremity of tlie optio nerve, which in aome of ibo 
lower animals li™ deeply buried tn tho body, and in tame atar 
tlic snrlaee, at tho right dislance from the OD(;*:iitr>iting apponttua, 
and an iiuagB will bo formed on i!. 

In the great cUus of the Articubtta, wa may start from an 
nerve simply coated with pigment, ILe latter sometimes formii 
■art of pupil, but destitute of a lens or other optical 
With insect* it is now known that the numerous £ 
cornea of their grtnt componnd eyet form true lenses, and 
tl* cones include cnriously modiGpd nervous fiUmtTits;. Enl 
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' orgAui in Iho ArticuUla are so much divcniticd Ihnt Mullcr funnorly 
miule time mftln classes wilh seTca subdivisions, beside; ft fourtli 
nuiu cUw of B^grognicd simple eyca. 

When wa rcBect oa theso liicta, here ^ivcn much too briefly, wilh 
rtepect (O tbo wide, divnisiScd, and gradiialcd lange of alructuro in 
the eyM of Iho lower animals; and when wo bear in mind how 
small the numbtr of all living fonua most be in comparisoa with 
thow which bBve become extinct, the difficoUy coaee» to be very 
gTMt in bclierins that natural gi-lfclion may have cooTortcd thy 
siaiple apparatus of an oplic nun'e, contad with pigment ami 
inrosted by transparent mambrano, into an optical instrumcDt an 
oeribct u U possessed by any member of the Aiticulato Class. 

He vho n'ill go thus lar, ought not to hesitate to go one step 
forlber, if ho finda on finishing thla volume that largo bodies 
of facia, otherwise inexplicable, can bo cxplaioed by the theory of 
r tnodificalion through natural selection; be ought u> admit that n 
roQ aa perfect as an eagle's eye niight thus be formml. 
' although in this coso ho does not know the tmoBiiional states. It 
IS been objected that in order to modify the eye and still prcscrvn 
it ai a perfect instrument, luaQy changes would bare to b« cffectcl 
■ironltatiaoQaly, which, it is assumed, cotild not be done lbroii;>h 
nattiral selection ; but as I have attempted to show in my work on 
the tariation of domestic animals, it is not necessary to suppose 
I that tha modificalions were all simultaneous, if they were eitremely 
[ (llglit and gradtml. Different kinds uf modification would, also, 
'0 for the some general purpose : as Mr. Wallace has remarked, 
I " if a lens has too short or too long a focns, it may be amended 
either by an alteration of curvature, or an alteration of density ; if 
curraturD bo irregular, and Ibo mys do not converge to a point, 
tk any increased n^ularity of curvature will be an improvement. 
8u the oontractioQ of the iris and the moscutar movements of tl^o 
cyo an neither of them essential to vision, but only iniprovemenU 
wUlch might have been added and perfected nt any stage of ibo 

I construction of UiB instrumcnU" Within the highest division if 
the animal kiogdoin, namely, the Turlebtato, wo can start from nn 
•ya M timple, that it consists, as in the lancelet, of a little sack or 
Inuksparent skin, fiimisbod tritli a nerve and lined with plgmoiK, 
init deatltnte of any other apparatus. In fishes and reptiles, as 
Owen has remarked, " Uio range of gradations of dioptrjo slnietiircH 
la very greaU' It Is a significant fact that even in man, according 
lo tli« bigli aothority of Vircbow, tiie beautiful ctystailins lens is 
ifcnnad in the embryo by an acciiinubitjon of epidermic oella, lying 
^ ft MCk-lika fotil nf the skin : ind tlm vtlri>c<ns Iwdy is fonntd 
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from cmbijonio sub-cntaneoiis tisaiia. To anivo, liowcver, ni > 
just coQcluuoQ regarding the formntioD of tbo eye, with all its mur- 
veltuus yet not absolutely peirect chaj^ictcra, i; is iadisgietisablc 
that the rcaioa should cooqaor the iiiuigi nation ; btit 1 hare felt 
Ihe difficulty far too keenly (0 be suipiised at olhcn hc«itiiiing Ui 
eitfnd the principle of Daturul selection to so startlin;; a Icn^b. 

It is scarcely possible to avoid compnrii^ tlio eyo with a telescope. 
Wo know that thia instnimcnl liai boen perfected by tbo lons- 
coutinned eObrU of the highest human inlellecta ; aod wo Daturally 
Infer that the oyo has been furined by a sumowhst aoalogoua 
process. But may not this inference be proscmptuoui ? Have wo 
any riaht to osaumo tiiat the Creator works by intoUcctual pomrs 
like those of man? If wo must compare the eye to an optical 
iuatrumcot, iva ought lu imngiunlion to lake a Ibick layer of 
trsaspsrent tissue, wlih spaces filled with fluid, and with a nvrre 
Knsitiva to li^t beneath, and then suppose CTery part of this bycr 
to be oontinualty changing slowly in deusily, so as to Kpomle into 
layers of different deusities and thicknesses, piact^ al diffcrDiit 
distances fi«m each other, and with the lurfacea of each layer 
slowly changing iu form. Further wo must luppass that there is a 
power, leproscntcd by oatnrnl solecUon or the survival of the fittest, 
always iutcatly watching each slight alteration in the transparent 
layers; and carefully preserving each which, under varied circnm- 
siancas, in any way or in any degree, tends to pn^duce a distinctcr 
image. Wo must snppoaa each new state of the instrument to bo 
multiplied by the niilbon; each to be preserved until a better one 
id produced, and then the old ones to be all destroyed. In livinj; 
bodica. variation will cause the slight alterations, generation will 
multiply tbem almost iiiSnilcly, and natural selection will pick out 
with unorrin; skill onch improvement. Let this ptoceis go on for 
mitlioDS of years ; and during each year on milliont of ituUvidools 
of many kinds; and may we not believe that & living optical 
instrument mi^ht thus be formed as superioc to ono of glass, as the 
works of the Creator arc to those of man 1 

Moda of Trowxtiun. 
ir it coold bo demonstrated that any complex or',;aD 
which could not posubly have been formed by ntunerooa, ■ 
cessivo, slight roodilieatioiii, my theory would absolutely bpMK 
down. But I can find out no such case. Ko doubt maoy organs 
exist of which we do not know the tmnsitlonal grades, more m 
cially if ve look to mueb-isulBt«d cpecies, round which, oi 
iliD tbooty, there has been much cxtinctiiin. Or again, if wq t 
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n organ common to a!! t!ie members of a cLiss, for in tliis lallcr 
e tho or^an must hifn; bMn originally formed at n remote iK^iioti, 
I MDca which k11 tbe many rocmbcracf the diss have been devclo]>ed i 
•nd in order 10 disrovcr Iho early transitioniLl p^i^ through nhicii 
the or^a has passed, Vio should have lo took to very cmcieut anccs- 
ml forms, long since become extinct. 

Wo shield bo extremely cautious ia conchiding that nn organ 
L conld Dot havB been formed by transitional gradations of some kind. 
I Mnmerou cases could be given amongst ths loirer auimela of tlie 
le orgBD perlbrmicg at the como time wholly distinct functions; 
ft'lbos in the larva of tbe drtigon-fij and in tbe fish Cobitca tho 
1 Altmoutary canal resjures, digests, and excretes. In the Hydra, the 
tsairoal may be turned infide out, and the exterior surface will thou 
fti^DSt and the stomach respire. In such cases natural selection 
■'Blight apecialiBC, if any advantage were thus gained, the ivholo or 
I yart of an organ, which had preriously performed two fuoclions, for 
I (tie fnnction alone, and tliua by insensible stcpn greatly change its 
I utnra. Many pbnts are known which regularly produce at tho 
9 differently constructed Sowers; and if snch plants were 
9 one kind alone, a great change would be effected with 
nipantire mddcnncss in the character of tho species. It is, hou- 
r, probabls tlial the two sorts of flowers borne by the same plant 
re originally differentiated by Gnely graduated steps, which may 
Kill b« (bllowcd in some kvi cases. 

I Agaip, two distinct organs, or tho same organ under two very 

piiUfMrGtit Ibnna, may niroullancously perform in the snmo individual 

Ihs MRio function, and this is an extremely important means of 

tnmition : to give one instance, — there are Giih with gills or 

hnnehte that breathe the air dissolved )□ tbe water, at tho Eamo 

time that they breathe free air ia their swimliladdcrs, this biter 

g divided by highly vascular partitions, acd having a 

hotw pneumaticDS for the supply of air. To give another inataueo 

un tfaa vegetable kingdom : plants climb by three distinct means. 

' apinlly twining, by clasping a snpport with their senailivo 

i by tho emission of aerial rootlets; those three means 

> Diually found in distinct groups, hat some few species exhibit 

'o of tha means, or even all three, combined in the same Indivi- 

In alt such cases one of the two organs might readily bo 

1 and perfected so as to perfortn all (be work, being aided 

(ttrtng lbs progress of modilicatioa by the other or^an ; and thou 

^bMhct organ might ba modified for soma other and quitcdistinct 

g, or be wbolty obliterated. 
' ITio Ulurtrallon of the swimhbddor iti fiih.'s i* a gucd one. 
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becaiue H iBons na cl«aily the highly important Tact that an otpio 

oiigiiuUr cotutructcd for one purpose, namelj, flotation, maj be 

conTerti^ into one fora widely diOereDt purpose, uaaiely.reapiimtioa. 

The swimhUddot has, also, been worked in u an accauorr to Ui* 

auditory orgazu of ceitaio fishd. All pbjsiulo^«ta admit thai 

the iwimbUddcT is homologous, or "ideally umiUr" in poiitiimund 

, itructuie with tbs lungs of tbo higher vcrichrate animalx: hence 

I there is no reason to douht that the swimbLidder has M^oally 

I been convarted into lungs, or no orgui lued exduuvely iot 

I tes[uratioQ. 

According to this view it m-iy lie infcrrod ihat all Tcrtebrat* 
animals with true lungs are descended by ordionry generation from 
aa ancient and unkuowa prototype, which wis furuished with a 
floating apparatus or Ewimbladder. Wo cart thus, as 1 infer from 
Owen's interesting dcseriptioD of these ports, undcisUnd the Ettange 
fact that every particle of food and drink nbich wo awallow haa to 
pass over the oriflcc of the trachea, with some riik nf falling into 
the liuigs, notwitbctanding the beautiful contrivance by which lb* 
glottis is closed. In the higher Vertebrata the biancbiai hava 
wholly disappi-arcd— but ia the embryo the slits on the sides of the 
neck and ihe loop-lite course of the arleiies still mark their formiT 
. positiou. But it is conceivable that the now uUcrly lost branchial 
nught have been gradually worked in by natural selection iot aomo 
distinct pnrpoee : for instance, Landois has sbowa thai the win^s 
of insects are developed from the tracheK ; it is therefore highly 
probable that in tbii great class organs which once lerred for 
respiration have been actnally converted into organs for flight. 

In considering transitions of organs, it is so important lo bear in 
mind the probability of conversion from one function to anollwr, 
that I will give another instance. PeduncuiBted cirriiNKlat hava 
two minate folds of akin, called by me the ovigerona frina, which 
serve, through the means of a sticky aocretioiit to retain the cg^ 
until they are hatched within the suck. Thesa drripedes hava no 
bcaachin, the whole enrlace of the body and of llie tack, together 
with the small ft«na, serving for respiration. The Balanidai or 
sessile cirripedea, on the other hand, have no ovigoious frena, the 
e^gs lying loose at the bottoca of the sack, within the weU-ODclosed 
shell ; but they have, in the same relative position with the frcoa, 
large, much-folded mcmbranca, which freely communicate with the 
circulatory lacumn of the sock and body, and which have been 
considered by all nsluralisls to act as hiancliia. Kow I think mi 
one will dispute that the ovigcrous frvna in the one family a 
•trictly bomoiogouB with the branchtm of tho oihcr family i " "" 
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tbey graduate into each other. Thcrcfora it need nut Lo doubled 
that the two littla folds of Bkio, which originally E«rvod as 
OTi^lProua frena, but ivbjch, liketrise, very slightly aided ia the 
•ct of rcsjnratioii, havB been gntdually convcftcd by natunl 
■election into branchiai, simply through bd increase in Iheir Bi;:a 
and the oblilenilioa of their adhesive glands. If all peduDculutcd 
ctrripedes had become cxtJnct, and they have Huffcred far more 
exIiDctioD than have Ees«le cirripedea, nho would ever have 
imagined that the brancbis in this latter lamily had originally 
cii«t«d as organs for prevenling the ova from being gashed out uf 
the sack? 

'i'here is »nother possiWo mode of transition, namely, through 
the accelemtioD or rctanlution of tho period of reprodnctioo. 'J'hii 
has lately been iosistsd on by I'rof, Cope and Dtlu^ in the Unircd 
Slates. It is now known that sonne animals ore capable of repro' 
dnc^mi at a very early age, before they have acquired their perfect 
charMters ; and if this power became thoroughly welt developed in 
ft speciM, it leems piobablo that the adult stage of development 
would •ooner or later be lost ; and in this case, especially if tho 
larva differed mnch from the maturo form, the character of the 
would be grcalty changed and degraded. Again, not a few 
•aimalt, aft«r arriving at maturity, go on changing in character 
^Driog nearly their whole lives. With nmmmaU, for iostaccc, the 
Jbnn of the skull ia often much altered with age, of which l^r, 
given some striking instances with seais ; every cue 
knows how the hems of stags become more and more branched, 
and the pltmies of somo birds become more finely developed, as 
th<7 grow older. Prof. Cope states that tho teeth of cerlaio lizards 
duutge nincb in shape with advancing yean ; with crustacoans not 
onlf tntuy trivial, but some important parts usume a new 
chanrtw, as rceordod by Friti Uiiller, after matnrily. Jn all aiich 
iniM. — and nwDy could bo given, — if the age for reproduction weio 
latardMl, the character of the species, at least in its adult state, 
WBiild b« modified; nor is it improbable that tbo prcvions sud 
itagfs of dnvclopment would in some cosos ta burriid 
lU^ and finally lost. Whether species liave often or ever bucii 
lifird through this coropinitively sudden mode of transition, 1 
innn no opinion ; but if this has occurred, it is probable thai 
racn the young and tho mature, and between 
and the old, were primordiolly acquired by gradualod 
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Special OiJitullUs c/ t/it Theory <f Halaral S^eetum. 

Although ^vo must be extrctncl; cautious in concluding that njif 
organ could not hnvc been produced by BUcccsaivo, Bmall, tnui- 
sitional gmdationB, yet undoubteilly serious cases of difficulty occur. 

One of the most scrioua is that of noiiter insects, whicli are often 
differently constructed from cither the males or fertile femnlcB ; but 
. this coze nill be treated of ia tha next chapter. The electric 
Jlrgans of fishes oiTer nootber cose of special difficulty; for it is 
impossible to coDCGive by -what steps tbcae nondroDS organs have 
been produced. Hut this is not suiprisiug, for wo do not even 
know of what use they are. In the Oymnotos and Torpedo they 
no doubt serTO as poircrfal mesjis of defence, and periiapa for 
securing prey; yet in the Eay, as observed by Matteucci, an 
analogous organ in tho tail manifesto but little electricity, even 
ubon tho animal is i^eatly imtated; so little, that it ctui 
h.irdly bo of any use for tho above purposes. Moreover, in the 
Ray, besides the organ just rcferrod Ia,there is.as Dr.B. M'DanncU 
has shown, another orgnn near tho head, not Imown to be eloctrical, 
but which appears to bo (he real homologuo of the cleclrio battery 
in the Torpedo. It is t;cnera)1y admitted that there exists between 
these ocgnns and ordinary niusclo a close analogy, in intimate 
structure, in the distribution of the nerves, and in the DUBnor in 
which tboy are acted on by various reagents. It shonld, also, bo 
especially observed that mnscnbr coutractioa is accompanied by an 
electrical discharge ; and, as I>r. liadcliffe insist^ " in the electrical 
apparatus of the torpedo during rest, there would eeem to be a 
charge io every rei^pcct like that which is mot with b miucle aud 
nerve dnriag rest, and the discharge of tbo torpedo, instead of being 
pwuliar, may bo only another fonn of (he discharge which attends 
ii[>oa the action of muscla and motor nerve." Beyond this wo can- 
not at present go in the way of ciphioatioB ; bat as we know so 
little shoal the uses of these organs, and as wo know nothing about 
tlio habits ond structure of tho progenitor! of the eiisting electric 
fishes, it would bo extremely bold to maintain that no tcrvi«cab1o 
transitions are possible by which these organs misbl bare been 
<;radually developed. 

I'hese organs appear at lirst to offer another and br more serioiu 
difliculty ; for they occur in about a dozen kinds of fish, of which 
Eereral are widely remote in their affinities, When the nine <tfsim 
is foond in several members of the same class, especially If Iti 
mombeit having very difTorent Iiabitt of life, wo may geiier»tly 
attribute its pwwnce to inheritance from a common anoostor ; Uil 
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Iti abccnco ia twrnc of tlie rDcmlwti to loss through disiis© or 
nntDiol aolectioo. So that, if tho eluctric organs bad been 
i&ljorited from soino one sDcicnt piogenilor, wo might hava 
expected Ibat all clectiic SkIics would have been speclaUy re^Iittci! 
to each other; but this is far from tho cose Kor iloca gcoto^ at 
an lead to ths belief that most fiehes formerlj po&scssed elcL-triu 
orguu, which their modified dcECcndants havo now lost. Uiit 
vben wo look it the subject more closely, wo find in tho sevrral 
fishes provided with electric oi^ns, that thcso ara situaled ia dif- 
ferent parts of tho body, — that they differ in constnjction, as in 
llie amngement of the platca, aod, according lo Facioi, in tlie 
proccH or means hy which tbo electricity is escitcd— and lastlj, in 
being supplied with nerves proceeding from different sources, and 
this is perhaps the most important of all tlie difTcrences. Jlence In 
iho aorenkl fishes furnished with electric org&os, these camiat Ihi 
ooDiddered as homologous, hut only an atmlogoua ia function. Con- 
■equenll; there 'a no reason (o suppose that they haTe been inherittil 
frDtn a cotnniOD progenitor ; for had this been the cass they would 
l«Te closely resembled each other in all resptota. Thus the difficulty 
of an or^m, apparently the sunc, arising in Eoveml remotely allied 
spoclea, disappears, leafing only tho lesser yet slill great difficulty \ 
namely, by what graduated stepa these organs have been developed 
h Kparato croup of fishes. 

! liunioous organs which occur in a few insects, btloog^ii^ 
lc1y diSercnt fomilies, and which are situated in diffircnt 
s of the body, offer, under our present stale of ignomncc, a 
BifBcalty almost exactly parallel witli that of tho electric organs. 
' sinulor cases coald be given ; for instance in plants, the very 
IS oontrivanco of a mass of pollen-grains, borne on a foot-stalk 
aa aillieBive gland, is apparently the same in Orchis and 
iclopiaa, — genera almost as remote as ia possible amongst fiowcrin^ 
i but hero sigain the pails are not homokigous. In all casi's 
ig\ far rcmoTod fmm each other in the scale of organisation, 
ara fnmiihod with simihu and pecoUar organs, it will \k 
1 that although tho general appearance and (uDctioD of thu 
« may be the same, yet fundamental differences between tlivm 
always be deteclcil. For instance, tho eyes of ccphnlopods 
K cnltle-Dah and of vcrtvbrale animals appear wonderfully alike ; 
d la aucb widely simdcrcd group* no part of this resemblance can 
inheritance from a cemmon progenitor. Mr. Mivort has 
lLls case as one of ipccial difficulty, but 1 nm unable in 
e tbo force of his argumcut. An o:g«u for vision miiBt be formed 
r tnii*[iarriit ti»ue, and niiiat iicludc rome cvrt of Icn.i for 



JJipciil/ifs o/t/ie Tfuory 



CiitP.'l 



tlirowing an image at tlio back of a darkened cham1>er. Bcjrotul 
tbU Buper&cial resembUnce, there U hanllj tny real similaj-ity 
between the ejrea of cnltle-fisli uid TertebratM, as may be 8e«n by 
rousaltitig Bensen't sdminible memoir on IhcM organi in tlic 
Cepbalopod&, It to impossible for me here to eotcr od details, but 
I may epecify > few of the pointa of difTcrcnce, The ciyElalline lens 
in the higher cuttle-fiah cooBists of two parts, placed one behind the 
other like tiro lenses, both having a Tery diffetect Etmctnre and 
disposiUon to what occurs in the rerlebrala. ITio retina is wliolly 
difFereat, with aa actual inrereion of the elemental pirt^ and «ith 
a largo nervoaa ganglion iodaded within the mcmbnmw of the 
eye. Ths Tclatiooa of the mnsclcs are as diOcrent oi it is |ne- 
■ible to concave, and eo in other points. Hence it ia not a iitllo 
difficult to decide how far even the same temis ought to be employnl 
it) dcscrilnng the eyes of the Oophalopoda and Vuttebmto. It is, of 
course, open to any one to deny that the eye in either caae could 
liavQ been developed through the natural aelectiou of succeasire, 
slight ToriatioDs ; but if this be admitted in the one case. It is 
clearly piissible in tbe other ; and fundamental difTeTcacea of slrue- 
ture in tbe visual origans of two groups might have be«n anti- 
cipated, in accordance with this view of their manner of formation. 
As tvo men have sometimes independently bit on the samo 
ioveation, ao in the several foregoing cases it app«ir» that natural 
selection, working for the good of each being, and taking advan- 
tage of all favourable variations, has produced aimilar or>aD8, as 
lar as function is concerned, in distinct organic bdngs, wliich 
owe none of their structure in common to inheriLanco trtim a 
common progenitor. 

FritB Hiilier, in order to test the conclusions arrived at in thia 
volume, has followed ont with mucli care a nearly similar tins of 
argument. Several famlliea of crustaceans include a few species, 
possessing an air-breathing ftfrparatus and fltled to live out of the 
water. In two o( tlieae families, which wero more evpecially 
examined by MUUer, and which are nearly related to each other, 
the species agree most closely in all imporlaut characters ; namely 
in their sense-organs, circolatio; system, in tbe position of tbe 
tufts <A bair within their complex atomacht, and lastly in ths 
whole structure of the water-breathing branchiie, eveu lo the 
microscopical hooka by which they are cleansed. Hence it might 
have been enpected that in lbs few spectee belonging to bctli 
fsmitiea which live on the land, the eiiually- important air-breathing 
apparalni would have been ths same; for why should tliia oa* 
mpfaiatns, given tor the same purpose, hare been tnado to difftf, 




I 



whilst all ttie other important organi vcro ctoacly similar ur rather 
iikolicAL 

Hiiller argnea that this cIccb wmilarily in »o many \mnU 
late ffiuat, in acconiaoco with tbe viewa adv&nced by me, 
be Kccoanted for by inheritnnce from a oommoD pn^cnltor. But 
m tb« TUt majority o[ the Bpcciea in tbo above two familica, na 
raoKt other cruelaccaas, are oqtmtio in their Labita, it iii 
improbuble ia the highcit degree, that their common progenitor 
aliuutd have been adapted for breathing air, Miiller was thus led 
carefully to examine the apparatus in tho air-breathing ipccles ; 
and he found it to differ in Eoeli in sevaral imporlont poiuts, aa in 
ihe poeitioQ of the oriSces, in tbe manntir in which tbcy are opened 
and ctoKd, and in some accessory details. Now such diScrcnces 
ar« intelligible, aod might evun hare been expected, bn tlie Buppo- 
■ilion that fipocics belonging to distinct lamilica hod alowly hecomo 
adapted to lira more and mote oat of water, and to breathe tlie 
air. For thofso s^jecics, from belonging to distinct families, would 
ban difTerod to a certain extent, and in accordance with the 
principle that the nature of each Tariation depends on tn-o factors, 
vis. the nature of the organism and that of the sarrounding con- 
ditions, their variability assuredly would not have been exactly the 
Maie. Consequently natural selection would have bad diflutent 
maMrlala oi TStialione to work oo, in order to arrivo at the same 
fonctional tcault; and the atructurea thus acquired would almost 
Mccanrily have diSin^. On the hypotbcsia of separate acis of 
cmtioB the wholo case remains nniotelllgiblo, 'Ihis lino of 
MSiUBent seems to have bad great weight in leading Fritz Miiller 
to accept the views msintuiDed by me in this volume. 

Anoiker distinguished zoologist, tho late Professor Clapar^e, hot 
argued in the samo manner, and has arrived at tho same result. 
11a tfaowB that there aio parotitic mites (AcHiids), belonging lo 
distinct sub-familiea and families, which aro furnished with bair- 
'laKpsTS. These organs must have been independently dcvclopvd, 
la they cmild not have been inherited from a common propcniior ; 
•ml In th* several groups they aro formed by the modification of 
Ika fore-legs, — of tho hind-legs, — of the mnxilho or lips, — and ol 
appendage! on the under side of the hind part of tho body. 

In the foregoing cases, wo see the same end gained and the sanie 
fnnrtian performed, in beings cot at all or only remotely allied, by 
I organa In appconutco, though not in develoimcnt, closely similar. 
^B< On tlw Dlim hand, it ia a common mlo thnnighont nature that tho 
^^kasiiM and should be gained, even sami.-timea in the case of closely- 
^^B frlnled beings, by the mmt itiversiliiHl mnuis. How differcntl'' 
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constructed ifl the feathcrcil wing of a liitd and tho nienilnane- 
ooTcred wing of a bat ; and still more bo the four wings of a butter- 
fly, the two wioga of d fly, and the two'winga with the dytra of a 
l>cetie. Bivalve shells are intide lo open aad shut, but oa whnt n, 
liumbcF of pattema is the hinge coostnictcd, — from the loQg ron of 
neatly Interlucking t«eth in a NacuU to the simple ligament cf n 
MuBwl I Seeds are diseemioatcd by their minuteness, — by their 
capsule being coDTerled into n light balloon-Uko envelope, — by 
being embedded in pulp or ilcah, formed of the moat diverse parUi, 
and rendered natritious, as well as conspicooualy coloured, so a* lu 
attract and bo devoared by birdf, — by bavu^ hooks and gmpnels 
of many kinds and serrated awns, eo aa to adhere to the fur of 
i]uadra|ieds, — andiby being fumiiilied nith wings and plumes, as 
different in shape aa they are elegant in structure, so as to bo waflid 
by every breeze. I will give oae other instance; for this subject of 
the same end being gained by the most diveraificd means well 
deserves atlcntiun. Some autliora mnintain that organic beings 
have been farmed in many ways for the sake of mere Tariety, 
almost like toys in a shop, hut such a view of nature is iocnsdible. 
With plants having separated sexes, and with those in wbicb, 
though hormaphroditea, tha puUcn docs not spontanooasly fall on 
the stigma, some aid is necessary for their fertilisation. 'Willi 
seycral kinds this is effected by the pollcn-giains, wbicb are light 
and incoherent, being blown by the wind through msce chance on 
to tbs Btigma; and this is the simplest pbn which can well be 
ooDceived. An almost equally simple, though very diScrcnt, plan 
ocoora in many plants in which a symmetrical flower Kcrctei a ' 
drops of nectar, and is coDscquenily visited by Insects ; and ll 
carry the pollen from the anthers to the stigma. 

From this simple stage we may pass through an inexhaus 
number of contrivances, ait for the same pnrpow and cHecto 
essentially the same laaDucr, but entailLDg changes in e^ery paT^fl 
the (lower. The nectar may be stored ia variously shapvd r 
lacles, with the ttamens and pistils modified in many ivays, k 
times Ibroiing tisp-Iiko contrivances, and sometimes capahb 
iitatly adapted movcmenls through irritability or elasticity. ~ 
SMch Btructiires we may advance till we come to such a o 
extraordinary adaptation as that lately described by Dr. CriigiT |^ 
ilie (Joryanthea. This orchid bos port of its labellum or lower lip 
hollowed out into a great bucket, into which drops of almost pure 
water continually fall from two secreting horns which stand above 
it ; and when the bucket is half full, the water overflows by a 
spoat on one side. The baial [«rt of the labellnm stands oTcr Ibo 
bucket, and is itself hollowed out into a sort of chamber with two 
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■ kttTAl CDlratic«9 ; nitliin this cbnmbcr there arc cuiioUB Qeshy 

I tt(ls«>- '-lie moat ingenious man, if ho had not witQeescd wbnt 

X pUo^ cculd never bare imagined what purposo all tlieso parts 

e. But Dr. Crilgcr mw crowds of largo btunbte-bcca visiling 

B*b« gigantic flowers of this otcliid, not in order to sack ncclar, but 

gnanroff the ridgea within tho cbamber above the bucket; iti 

iolag this Uiey (requeotly pushed each other into the bucket, and 

tbrir wingH being thus iretl«d they could not fly aivnj, but were 

Btompelled to crawl out through tbe passage formed by the spout or 

Poverilow. Dr. Crilgcr saw a " continual proccsajon* of heea thiu 

nanling out of tboir involuntary bath. The passage is narrow, and 

is roofed over by tho column, so that a bee, in fording its way out, 

first rubs its back sgaioat tho viscid sli^a and then against iho 

viscid glands of tho pollen -mosses. Tbe policn-roasaes am thus 

glued to the back of the bee which fint happens to crawl out 

thtongli the passage of a Utcly expanded flower, and are thus 

carrlod away. Dr. Ctliger sent me a fiowcr in spirits of wine, with 

a boe which he had killed before it had quite crawled ont with % 

jwUas-mass still fostccml to its bock, \Vbon the bee, thus provided. 

Hies to another flower, or to the same flower a second time, and is 

ptuliod by Its comrades inti the bucket atid then crawls out by thu 

piuaige, the pollen-mass necessarily cosies first into contact witli 

Ilia viscid itigma, and adheres to it, and the flower is fertilised. 

Now »t lad we 8e» tb« full um of every part of the flower, of the 

wat«r-McrctiDg boms, of the bncket half full of water, whiuli 

imtenls the bees from flying away, and forces Ihein to crawl out 

Lthroagh the tpout, and rub against the properly placed viscid pollen- 

I and the viscid stigma. 

'ilM ounstruction of the flower iii another closely allied orchid, 

jntly the Catoactum, is widely diff-^rent. tbough serving Ihs same 

' is equally curious. Bees visit these ilowers, like Iboeo of 

<A CdiTuiUics, in order to gnaw the labellum ' in doing this they 

vitablf touch a long, tapering, scnsitivo proieclion, or, as I hsvo 

1 it, tho antenna. 'Ihia antenna, when touchd, transmits a 

fttioa or vibration to a certatu mcmbmne wbiob is inetantly 

npttmd ; this sets free a spiiug by which tliB nulteD-DioM is shot 

.0 arrow, iit the right direction, and adheres by its 

4 extremity to the bock of the bee. Tlio poUen-mass of tk> 

I* phnt (for tlio sexes aro aepaiate in itiis orchid) is thuf carrixl 

V tba flftwer of the female plant, whore it Is bmisht into owtact 

~ '\ iIm stigma, which ia vincid enough to break ixrloii rlnalin 

'i, and retainbg the pallnn, feriiliiatioa is effected. 

' UiDW, It tnity b_' asheil, in the f<>r*snii'g -ind in innurnfrsbi-' nlT'O 
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instaacM, can wo undersUod the gradaatcd scnle of complexily and 
the multi&irioua meaiiB for gainiog the same end. The acsirer no 
doubt is, sa alroidy remarked, that tcben two forma Tscy, which 
alrcnd; diOer fram eftch other in BOme slight d^ree, Ihs Tariabilily 
will cot be of the tune exact nntttre, utd coDscqtienlly the nrsnlls 
obtained through nntural selection for the tame general parposa irili 
not be the same. Wo Bhonld alto bear in mind that ercrir hij;hl7 
developed organism bas passed through man^ change*; and that 
each modified stnichire tends to be inherited, so that each modi' 
fication will not rradilj be quite lost, but may be a^o aad agwa 
further altenid. Hence the stmcttve of each part of ench specks, 
for whalcTcr purpose it may serve, is the cum of many inher^tei) 
changes, through which tbe spocics has passed during its sucocasiTc 
adaptations to changed habits aad conditions of life. 

KinaUj then, although ia maoy cases it is most difficult eren lo 
conjocttm3 by nhat transitions organs have arrired at tbcir frcsont 
slate ! yet, conaderinghow small the proportion of living and knoirn 
forms is to tbe extinct and nnknown, I have be«n astonished how 
rarely an organ can be named, towards which no transitional grade 
is known to lead. It certainly is true, that new organ* appearing 
as if created for aorae special purpose, rarely or never appear io any 
being ; — as indeed is shonn by that old, bat somewhat eia^geiated, 
canon in natural history of " Natnra non facit saltnm." We meet 
with this admission in the writings of almost every experienced 
naturalist; or as Milne Edwards has wcU eii>rGssed it, Natuo is 
prodigal in variety, but niggard in innovation. Why, on tbe 
theory of Ctcation, should there be so much variety and so little 
real novelty? Why should all tlie part4 and organs of many 
iudapRndent bdogs, each suppoeed to have been seiwialely cnvtrd 
for its proper place in nature, be so commonly linked logcther by 
graduated ttqis? Wby shotild not Nature take ■ endden leap 
from structure lo structure? On the theory of nntaral Klection, 
we can clearly nndersland why she should not ; for natnnl 
■election acts only by taking advantage of slight successive varia- 
tions ; she can never take a great and siiddcn leap, but must 
advance by short and sure^ though stow slcpe. 

I ajfected f^ Kataral 

Am natural selection acts I>y life and death, — by thi 
the fittest, and by the destruction of the lees weU>fitUd ii 
viduaU, — 1 have sometimes felt great difficulty in 
Ifaa origin or fomation of part* of little irapottonce 
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graat, though of a very dlOereDt kioil, m in tho caso of tLo most 
{wrCect Mid complex organa. 

Id the Grat place, we oia much too i^orsot in regard to the 
vbnle ecouomjr ot any one organic being, Xa aay what Rlighl modifi- 
pUiona wDUid bo or importaaco or not. In a Ibrmcr chapter I havo 
^ireu iastances of very tiifling diantctora, nucb aa the down on 
fruit ana the colour oi Iti flesh, the colour of the skin and hur of 
(lUOdrnpedB, iiliich, frooi being correlated with coostitntional 
diSerBncea or from detemuniug the attacks of insects, might 
utnredly be acted on by natural selection. U'ho tail of the giraffe 
luoka lice an artilicially constructed f)y-flap])er ; and it seema at 
lint incredible that this could have b^u odaptod for its present 
jiiirpMie by succeaaire slight modifications, each better and liettPC 
Hlted, for to trifling an object aa to drive away files; yet no should 
paoae before being too positive even tn this case, for we know that 
the distribtition nnd existence of cattlo and other animala in South 
America absolutely depend on their power of resisting the attacks 
«f inaocta 1 to that individuata which could by any moans defend 
thcmaelves from these imall enemies, would be able to range into 
new paitnrea and thus gain a great advantage. It is not that the 
larger <iuadn)pcda are actually destroyed (except in lome rare 
<■*(•) by flics, but they ore inceasantly hantsscd and their strength 
reduced, to that they aro mora subject to disease, or not so well 
enabled in a coming dcartli to search for food, or to 
bcoit* of jircy. 

~ :giina now of trillin; importance have probably ii 

of high importance to ivn early progcoitor, and, after haTing 
dowly perfn:tecl at a former period, have been transmitted to 
axirtiag apecica in nearly the same state, although cow of very 
■light nac; but any actually iojurioua deviations in their structure 
would of comae have boen checked by natural selection. Seeing 
bow important an oigaa of locomotion the tail is in most aqnatiu 
■BtnAla, ita gencnl presence and vs» for many purposes in so 
many land anitoala, which in their lungi or modified swimbladtlera 
hotny thdr aqnatic origin, may pcrbap* be thus accounted for. A 
w«ll-deveIoped tail having been formed in an aquatic a ' 
vUght gnbecqDcntly come to be worked in for all aorta of purpcees, 
— 01 a fly-Bapper, on organ of prehonaion, or as an aid in tumin?, as 
in tlw cue «t the d(^, though the aid in this Litter reKpect most be 
allgbt, lot the bant, with hardly any tail, ian double still i 
tliDckly. 

In (ho second ptaon, we n»y easily err in attributing imporlancu 
lo diMftctcr*, and in Iwlleving that they have Imen ilcvelopo'l 
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ihrangh niitoral Kclottion. AVo mufll by no mcaiis urerlook the 
cfTocts of tliB dcliQite action of clmn^d cooditioas of life, — of: 
called spontaneous variations, whicli Bcom to depend in » i]uit« 
biibordinate dogrce on the cntiiro of the conditions, — of tlie ten- 
doncy to reversion to long-lost characters,— of the complex laws 
);rowlh, such as of correlation, ctrnipeosation, of the prDssoro of o 
jinrt on snother, &c, — and linally of sexual selection, by whi 
thnnictcrs of luw to one acx arc often gained und then transmitti 
more o( less perfixtly to the other sex, though of 
npx. But etnictutes thus indirwtly gained, altLoosh at first of 
advantago to a species, may BubsoiiUEntly have been taken advi 
tn^e of by its modiGcd descendants, undcc new conditions of lifii 
nnd newly acijuiml habits. 

If green woolpcckcrs nlonc hnd existed, and we did not know 
that there were many black aud pied kinds, 1 dnro say that ne 
should bitvD thought that the green colour was a beautiful adapta- 
tion to conceal tliis trcC'frcqocnting bird finin its enemies; and 
consequently that it was a character of importance, and had been 
acquired throagh natural selection ; as it ia, the colour is probably 
iu chief part duo to xciual selection. A trailing palm ia the Uahij 
Archipelago climbs the loftiest trees by tho wd of exqaidtely 
Etmcied hooks clustered around tho ends of the branches, u^ 
cootriTODce, no donbt, is oftha highest service to the plant; bnt as 
sec nearly similar hooks on many trees which arc not climbers, anil 
ivhichjOstheTeisreason tobclic%'efrom the distribution of the tboni' 
bcariug species in Africa nod t^oulh America, serve i« a defence 
ii'^ninst bronsing qoadruprds, so the spikes on the palm nay 
lirst have been developed for this object, and subseqacnlly have ' 
improved and taken advantage of by tho plant, as it 
lurthcr modification and became BcHniber. The naked skint 
head of a vniture is generally considered nt a direct adaptatii 
wallowing in putridity ; and so it may be, or it may Jiowibly 
due to the direct action of putrid mutter ; but \re should bo Ti 
cautious in drawing any anch inference, when wo see that th« 
on tho head of the clean-feeding male Turkey is likcTviae nak< 
The sutures in the skulls of yonng mammals have been adranoed: 
.1 beautifnl ada[itation for aiding parturition, and no doubt 
focUitato, or may be indispensablo for this act; but as ml 
occur in the skulls of young birds and reptiles, which have only 
escape from a broken ejig, wa may infer that this structure fa 
sriaen from the laws of growth, and has been taken advantage of ij 
tho porturilion of the higher animals. 

We are profoundly ignorant of the M'lff of each slight rnriatt 
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iodtvidaal diftcrcncc ; and no aie immodiatoly mnda consciuus 
of this bf leSectio;; on the differences betweea the breeds of our 
domesticated onimnis in differeot countries, — moTD especially Id tho 
civilised countries ivbere thcro has been but little mctbodiciil 
•eloction. Animals kept by savages in dilTerent countries often 
Iiave to struggle for tLcir own subsistence, and aro exposed to 11 
cert^n exlect to DAtural selection, and individuals «itb sligblly 
dllTerenl woititutions would suococd best under different cliaiatcs. 
Willi cattle eiuceptibility to tlio ftttacks of files is correlated with 
colour, AS is the liability to be poisoned by certain plants ; so that 
oven colour vould be thus subjected to the scUod of natuml 
sdectioD. Some obscrrers are conviucod that a damp climate 
affects tlio growth of the hair, aud that with tbe liair the hortii are 
ocnelatod. Uountain brccda always differ from lowland bneds; 
■ltd a mouDtainous country would probably affect tbe hind limbs 
Itonx exercising them more, and possibly even the form of tliu 
pri*lt; and then by the taw of homologous variatian, the frvut 
limb* and the licad would probably be affected, llie shape, also, 
of the pdvis might affect by prossure the shape of certain parts ff 
the young in tbo womb. The laborious breathing necessary in 
lugb regions tends, as wo liaro good reason to lieliaTe, to increase 
the siw of the cbest ; and f^in correlation would come into play. 
The effects of lessened exercise together with abundant food on the 
whole orgsoiaation is probably still more important; and this, as 
IL Ton NatbuEtus bos lately shown in bis excellent Tnatise, is 
•pporentty one chief cause of the great modihcation which tiie 
breeds of swine hare undergone. Dut we are for too ignorant to specn- 
Ut« oa the relative importance of the several known and unlinowu 
couaca of variation \ and 1 have made these remarks only to show 
that, if wa arc unable to account for the characteristic differences 
of oar Mvenil domestic breeds, which nevertheless are goneially 
' ~ ' to have arisen through ordinary generation from one or m 
tern puetit-stocks, we ought not to lay too much stress on otir 
Ignonnc* of the jircciso cause of Ibe slight analogons dilTercDccs 
botwceti trua species. 

CltfAirton Ootfrii'f, low fur tnit : Bcitulij, huti? ariniral. 
■ ibnigoing remarks lead mo to say a few words on the protiit 
■ia by eoma nstonillsta, agunut the utilitarian doclniiu 
yd»U!l of *tnictur« has becu prulnccd for tiie good of its 
Ttx^ believs that many structures have been creuted 
> mIi* of beauty, to dcligbt man or the Creator (but this 
■ttcr pdut is bryond the t-N'\iv of ocicntiflc dinciiniinn), or for lb* 
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loke of mere vsriety, a view already discussed. Snch doctriuM, if 
true, would be absoiulcly InUl to my theory. I fully kdmit that 
many atructurea are now of no direct iiae to their possessore, and 
may never have been of any use to their proeeniton ; but this does 
not prove thai tliey were formed solely for beauty or variety. Ko 
doubt the deGuite action of changed couditious, and the variocis 
causes of modifications, lately specified, have all produced an 
effect, probably a great effect, independently of any advantage thus 
gained. Btit a still mors important coosideration is that the chief 
part of the organisation of every living creature is due to inherit- 
ance ; and conaaqnently, though each being asaredly ia well fitted 
for its place in nature, many structures have now no very close aiid 
direct relation to present habits of life 'J'bus, we can baldly 
believe that the webbed feet of the upland goose or of the &igalc- 
bird are of special use to these birds; wo cunoot believe that the 
simihir bones in the arm of tho monkey, in the fore-leg of the 
horae, in the wing of tho bat, and in tho flipper of the seal, are of 
apecial use to these animals. Wo may oafoiy attribute these 
structures to inheritance. Hut webbed feet no doubt were an 
useful to the progenitor of the upland goose and of the frigate-bird, 
OS they now ore lo the most aquatic of living l^rds. So we may 
believe that the progenitor of the seal did not possess a fiipprr, but 
n foot with five Iocs fitted for waiting or grasping ; and «« msy 
further venture to believe that the several bones in Iho limbs of 
the monkey, horse, and bat, were originally developed, on the 
principle of utility, probably through the reduction of more 
uumiToos bones in the fin of some ancient fish-like progenitor of 
the whole class. It is scarcely possible to decide how much 
allowance ought to be made for such causes of change, as iho 
definite action of external conditions, so-cailvd spontaneous varia- 
tions, and the complex laivs of growth ; bnt with these important 
exceptions, wo may conclude that tho strucluro of every living 
creature either now is, or was formerly, of some direct or in- 
direct uso to its possessor. 

With respect to tbe belief that organic bcin^ have been cmlT'I 
beautiful for the delight of man, — a belief which it has been |in>- 
DouDccd is subvenive of my whole theory, — I rosy first nmatk 
that the sense of bennty obrionsly depends on the natare of \ht 
mind, irrespective of any real quality in the admired object { and 
that the idea of what is beontiful, is not innate or tuatlerabk. 
We see this, Cir iustonoe, in the nea of different raca admiring ta 
entirely different alandaid of beauty in their women, 
abject* had been crnated soldy tat man's gratificntiou, it o< 
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T has a coily-colourcd 

:wo kinds of flowprs ; 

::t insects; tlu! ollivr 

IT visited b; insects. 



be ahoifa Ihnt borora mnn appeared, tbrra nas less beauty on the 
Ijice of the earth than sinco ho cuDc on the stage. Wero the botu- 
Uful Tolulo tuid cone shells of the Eoccna tpocli, and the grncefully 
•enlptarod ammonites of the Secondary period, creslcd that man 
might s^ea aiU'rwards admire them in his cabinet? Fen objects 
kte motq beautiful than the minute siliceoua cnsva of the diato- 
maoea: trcre these created that they might be eiamined anJ 
admired under the higher poirers of iLs microscope ? The beauty 
ia this lalter cose, aod in many others, is apparently wholly due 
losytninctry of growtli. Flowers rank amoi^t Uie most beautiful 
fndoctions of nature ; but they hare been rendered conspcnoiis 
in Gontratt with the green leaves, and in coneequcnce at the sanio 
tima beautiful, to that they may bo easily observed by inaccis, I 
hare come to this conclusion from finding it an invariable rule thai 
when a flower is fertilised by tbo nind it neri 
CorolU, Several plants habitually produce 
one kind open and coloured so m to atira 
cloicd, notcoloured,destitale of nectar, and n 
UmcaM'e may coDcladc that, if insects had not been developed on the 
bee of the earth, oar plants would not have been decked with bcan- 
tifnl Sowcra, but vould hove producrd only such poor Sowers as ne 
•00 on our fir, oak, nut and otih Irccs, on gtnsaca, Bjiinach, docks, and 
Betting which are all fertiiiscl Ihrongh the ^;eucy of the wind. A 
timihtr lino of orgument holds good with fruits; thata 
berry or cherry is as pleasing to the cya aa to the pninte,~that the 
faily-cotoutied fruit of the spintile-wood tree and the icarlat berries 
of tba holly ore beautiful objects, — will bu adniillcd by every one. 
But this beiuty servos merely 38 a guide to birds and beasts, Id 
otd«r that the fruit may be devoured and the mnnured scc<1s dls- 
Muninated: I infer that this is the case from having db yet found 
no exotplion to the role that seeds are always thos disseminated 
whim embedded within a fruit of any kind (that is within a lleihy 
<* pu'py envelope), if it ba coSonred of any brillisjit tint, or ron- 
(irred cunspienons by being white or black. 

On the other band, I willingly admit that a groat number of 

male onimak, as all our most gorgeous birds, some fishes, reptiles, 

mammals, and a host of magnificently coloured butterflies, 

, hatre been rendered beautiful for beauty's sake; but this has been 

I oBiecttd through seinal selection, that is, by tlio tiiore beantiful 

I ■Mies having been continually prefcrrod by the females, and not for 

tba driigbt of num. So it Is with the music of birds. We may 

' ' ' r ixtxa all this that a nearly similar taste for bwnliful colonrs 

tmA br musicnl soumla nuts through a largo part of tbu w ' 




kingiiom. When the fLinalo ia ss tKantifulij coloured as the mslv, 
whicU is Dot turd; tbo caso with birds and butlerfliei, the caoao 
■ppareotly lies in tlio i-oloura acquirod tliroiigh sexual selection 
limviog been Uansmitlcd to both sexes, inatGod or to the males 
slone. How the scnso of beauty in its simplaat fiinn — that it, the 
reception of u peculiar kind of pleasure from cerlajn colonrs, IbnnB, 
and sounds — was fint developed iii the miod of man and of tlie lower 
unimals, is t, Tsry obscuro subject. The uune sort of dlffioulljr Js 
[insented, if we euqaite hoir Jt is thtit certain flavoim and odoots 
Kire pteosure, and others diiplcnsure. Habit in all tliese casos 
appears to have come ta a certain extent into plsj* ; but there nmat 
be some fundamental cause in the constitution ol tbo hcttdos 
ayeteai ia each species. 

Natural selection cannot possibly iiroduce any DiodiGcalioi 
a species exeluslvcly for the good of another species ; itio 
lliroQghont nature one species incessantly takes advantage of, h 
]iro5lH by, the structures of others. Bat natural oclectios e 
Hud docs often produce structures for the direct injury of c 
animals, as we see in the fau^ of the adder, and in IJ 
of llie ichneumon, by which iLi c;^ ore deposited in the livlaf 
bodies of other insects. If it could be proved that any port < 
lie structure of uny one species had been formed for the exctiunTfl 
irood of another species, it would anulbilate my theory, for m 
could not have been produced lhrot;gh natural selection. AUbon 
many slatementa may be found in works on natural history to tl 
cHect, I cannot find even one which eecms to me of any weight] 
It is admitted that the lattleanake bos a poison-fuig for it 
dofence, and for the destroctioD of its prey; lint stniw a 
supposu that at the same time it ia furnished with a raltia btjtsowi 
injury, namely, to worn its prey. I woidd almost s> * 
that ttie cat curls the cud of ita tail wban preparing to spring, 1 
order to warn the doomed mourn. It is a much more jnbaa 
view that the rattlesnake uses its rattle, the cobra expands ita fdf 
and the puff-adder swells whitrt hissing bo loudly and luinhty. In 
order to alarm tlie many birds and beasts which am known l<i 
iittack even the most venomous species. Snakes act on the aiina 
principle which makes the hen rufBe her feathers and eifand 1 
wings when a dog approaches her chickens ; but 1 liave n 
here to enlarge on the many ways hy which auironU endeavour ^ 
frighten away their ccoinies, 

Natural aelectiou will nevw prudnce in a being any tl 
more injurious than Iwnpficial to that hrinft, for nutuml • 
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ctB Bolcly by and lot llio good of each. No organ will bo fornicdi 
s Paley has remarked, for Uic puipose of cauaing paiu or for doiiijj 
a iojuiy to iU posiessor. If a fiiir tabnce tw struck between ibo 
{;i>od and cril caused by each part, each will bo found on tlio whole 
oBs. After the lapsu of lime, under chaugii^ conditiona 
of life, if any port comc« lo be injurious, it will be modilioJi or if it 
to not io, the being will becomo extinct lU myriads have become 

Natural selection tends only to make each clonic being at 
peHcct as, or slightly more perfect than, the other inhabitants uf the 
utDS country with which it comes into compctitioo. And we sec 
that this is the standard of perfection attained under nature. The 
cndeinic productions of New Zealand, for infilance, are pirrfect one 
compared with another ; but tliey are now rapidly yietdlog before 
the adrancing legions of phmts and animals introduced from Europe, 
Natural selection will not produce absolute perfection, nor do ivo 
alvajB meet, as far as we can judge, with this high standard unilet 
nature. The correction for the aberration of light is said by Miillcr 
not to be perfect even in that most perfect orgnn, the human eye. 
IlelmhollK, whose judgment do odo will dispute, art«r describing 
in the ftinngest tcnna the wonderful powers of the hnmaa eye, 
>dda thcsa roniarkable words : " That which we have discovered 
in the way of inexactness and imperfection in the optical ranckino 
and in the image on the retina, ia as notliing in eouparison with the 
OQgniiUeB which we have just coma across In the domain of llie 
■alionn One might say that nature has Ulcon delight in accu- 
mulating ecmtiadictioni in order to remove all fonndation from the 
theory of a prc-exiiting harmony between the external and internal 
wotlds.' U our reasoik leads us lo admire with eothniissm a 
mulciluile of inimitable coatrivanceB in nature, this same reason 
r itlU US, though wo may easily err on both (ides, that some ot)i«r 
I contrivance* are loss perfect. Can wo consider the sting of the bee 
M perfiKl, which, when used (^inst many kinds of enemies, 
csliltot ba withdrawn, owing to the backward scrratureit, and thus 
■narUably canscs tlio death of the insect by tearing out its visocru ? 
If we look at the ating of the bee, as having ojislcd in a rmioto 
I iVERliLOf at a boring and serrated instrument^ like that in so niany 
nvmbns of the same great order, and that it has since been luodi- 

Iflod Iml not iwrfoctcd for its present purpose, with the poison ongi- 
naily iklapted fiir some other object, auch as to pniduco galL^ sinew 
iiitODsificd, wa can perhaps undontnnd how it is that the uso of the 
HiD^ aLould so ollon causa (he insect's own death: Ibr if on 
til* wboI« ihe power of stinging be usoftil to the social commnsity, 




" stel tba dilKntiM e( deMc doaai of pAa by av 
Ihu ■ fev gtaaik* may Ik vkfied k; cfaanc* oa U (ha 



Wc kan in Qat dapter flliwii «ne of tlw J.ilt— ik~. hJ 
u olgMMM wUeb nxj Xk wged a^kat the tWijij. Kbbj- ef tbaa 
i; IntlUianktbaliiitheducnnaaEefatUilMBlbMn 
bcu, wbid eo Uh beticf of imlifcndaat ■£(• of cnatioa 
Ian atlnlj obcme. We ha*« wen that ^eeiea M wmj cmm |nkd 
not indefintrlr Taiidde, aad an not UnLed taptfact If a 
titnde of inleiTDediato giadalka^ (attlffaecaaH lliei*<oetM gf 
ital l etoctiiai ii atitaTi TIR7 dow, and at any ooa time acta only 
a fnr fama; and fMitly becatae tha rery |inMi of tiatiual 
Kjdaclion impUea the wailjiwal ntpi^anting and exliiieticni of pm- 
innliila gndatiooa. Ckaely aUkd ^odc^ now 
tUviiig oa a coatiiiiiMU ana, moM «Aeii bare been formed irbm the 
Kam waa not raaitinatHU, and when tlie cooditioiM of life did not 
Lfa* ii'iiMy giadaaW i«n>y Iraa oue part to another. When two 
lie* are lonned in two dislrkti i4 a eontJotHNU am, ao lDl«t>- 
tin nrirty «iU ofteu be fomied, fitted fer an intennedlala 
; bat bom reaioiu aiaignnl, tiie intcfiDediats Tariety will 
I ]amef niimben than the two forms wbii:Ii it 
KMODWtti coiMcqiioaUy tho two Utter, dnring the coaree of funba 
' * 1 eiiatinB in greater number*, will hare & gnal 
a orer the lew DBmenmi ialccinediate rariety, a^ ~ 
a gentitally atkooeed in tnpiilaiitiDK and extenniDatias it. 
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'Wc bave sem-m tliis clinptet how cautloiii wc tliould ba in nm- 

I dnding that tbo most diiTcnnit bnlila of life could not groduara 

into «ach oUiit; that a bat, for inBlaoce, could not bavo Ixcn 

lonn«d bj natuial aelcctioQ from an anunnl which at fint only 

glided throagh the air. 

Wo h*To Been that a species under new oondilions of life inny 
change ita habits; or it mny have divcraiRed habits, with Bomu 
very unUke tboae of its neareet coDgeDcrs. Hence we can itudvr- 
sland, bearing in mind that each orpinic being is trjini; to live 
Kbcrercr it csn live, bow it has atiecn that Ihrre arc uplniid gceno 
with webbed feet, ground wood|)eckcrs, diving ihriuhcs, and jctrela 
with Ibo habits of aoks. 

Although Ihe belief that an or^n so rcrfect ns Uie cyo could 
have liccQ formed by natuml selection, is enough to stagger any 
one ; yet in the case of any orgno, if we know of a long series of 
firadations in complexity, each good fur its posscssca-, then, under 
ehaofiing conditioos of life, thero is no logical impossibility in tho 
■eiuircmcnt of any conceivable degree of perfection through nattinl 
selection. lu the coses in which wo know of no intertneilinte or 
tmuttionat slates, we should be extrcmoly ciatious in concluding 
that Done c«a have eiisted, for the metamorphoses of many organs 
allow what wonderful changes in function are at least possible, for 
insUnoc, a swimbkddcr has apparently been converted into on air- 
breathing Inog. llie same organ having performed simullaueousty 
very ditferent functions, and then having been in part or in whole 
■prcialited for one function ; and two distinct organs having per- 
formed at Ibo asms time the tsimo fimctiim, tbo one having been 
pcribctcd whilst udod by tho other, muHt often have largely facili- 
MeA tmisitiotiL 

Wa have Kcn that in two beings widely remote from each other 
. i> lb* mtunl scale, organs serving fur Ihe same purpose and in 
X appearance closely umilur may have been separately and 
I isdwpmdeatly (bimed ; but when such organs are clofiely examined, 

Kntial diflcmncci in their il rue tore am almost always be detected; 

d this Batorally follows from the priociplo of catnral selection. 
I (hi the other baud, the common rule throughout nature is iufinilo 
I divenlty of atrnclnre for gaining the same end ; and this again 
nattinitly follows from the samo great principle. 

In many cases we are tat loo ignomnt to be enabled to assert that 
a pan ur organ is to unimportant for tho welfare of a specica, that 
BDdiAcatioDS in its structure could not have been slowly occtmiD- 
d hf tneans of natural Bcleclion. In many other cases, modlB- 
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ctrtiona axa probaMj tlia lUrcct result of the laws of varialion or of 
growtti, iudcpcndcLitlf of koj good having been thus gained. But 
evcD BUch stiucturcs have often, as we niij feci auuicd, bc«D 
subaeqiisnll? taken odTBatoge of, and EtiU further modified, for 
good of species under new conditions of life. We nuij, also, beliei 
tbnt a [art formerly of high importance has frcciueull; been 
laincd (as tbe tail of an aquatic animal \>j its toTCftrial di 
ants), Uiough it has become of such smalt importance that it 
not, in its pieaent Btatc, have been acquired by means of 
selection. 

Natural selection can produce nothing iu one speci(« for thfl 
exclusive good or injory of another ; though it may well prwlaoe 
parte, oi^ons, and eicrctiona highly useful or even iodispeosalle, or 
again highly itijurioas to another species, but in all caiea at Ibe 
same time useful to the possessor. In each wcU-slodied country 
natural selection acts thiougb the competition of the inhabilanlB, 
and consequently leads to success iu the battle for life, only in 
accordance with the slaoddrd of that porticubr country, llence 
tho ioliahitanla of one country, generally the smaller one, often 
yii'ld to the inhabitants of another and generally the lai^r oouniry. 
For in the larger country thero will have existed more indifiduals 
and more diversified forme, tuid the competition will have been 
fccverer, and thus the standard of perfection will have been rendered 
higher. NatumI selection will not necessarily lead to sbstdiile 
perfection ; nor, as far as we can judge hy onr limited fuultits, con 
absolute perfection be everywhere predicated. 

On the theory of oatunl selection we can clearly nnderstond 
fidl meaning of that old cauon in natunU history, "Naturo 
facit Mltum." Tbia canon, if we look to the present iobabitai 
alone of the world, is not strictly correct; but if we include 
those of ]>iut times, whether known or unknown, it must on I 
theory be strictly true. 

It is generally acknowledged that all organic beings hare bcm 
rormcd on two great laws — Unity of Type, and the CondilioDS of 
llxistcnce. By unity of type Is meant that fundnmental agreement 
in structure which wo see in organic beings of tho same class, anil 
which is quite independent of their habits of life. On my tbcoty, 
unity of type is cijilained by unity of dcEcent. Tho ezprcanion of 
fonditions of existence, so often insisted on by the lUumriotis 
C'uvicr, is fully embraced by the principle of natural selection. l''nr 
natural selection acta by cither now adapting the varying |mrts of 
«Bch bcins to its oi^nic and inorgonio conditions of lifa, 
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baving adapted them during past periods of time : tho adaptations 
being aided in roanj cases by the increased use or disuse of parts, 
being affected by tho direct action of the external conditions of 
life, and subjected in all cases to the several laws of growth and 
variation. Hence, in fact, the law of the Conditions of Existence is 
the higher law ; as it includes, through the inheritance of former 
Tftriations and adaptations, that of Unity of Typo. 



Miscellaneous Objections to the 
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LsaC^rity — Hodificntioiu not ti««3i 
appinntlf of so direct icrvicc — Pr 
of anul] functioiul joiporlince, tli 
{Ktcuco of Ditarnl Mlection to lucaaat Tor the incipitot lUgcs i>( 
nieful itractuni — CaotM which int«rf<r£ with the ocquiiitiiiii IhroDgJi 
■utunl KlKtlon of lucful ttructnrcs — Gtndslioiu oC itrneliin willi 
ehaoged function! — Widely diflrrrnt orgSDi in mnnben of tb* niDi 
clui, dCTelapal from nee and tha umi lourc* — Keuou G>T diibclirv- 
ing in S"!*^ "''<' >brapt moditicstioiu. 

I WILL devote this obnpler to tlio conwderation of various mU- 
celloneotls objections which have been advanced against tnj viovs, 
as loine of tho previous discusEions may thus be made dearer ; but 
it would bo UBflesa to discuss all of tbem, as man;' have been nuulo 
b; wrileia who bavo not token tha troable to nnderataod Iho 
subject. Thua a distinguished German naturalist has asserted that 
tbe weakest part of mjr theory is, tbat I eomidor all orpuuc bein^ 
as imperfect : vhat I have really said is, that ail are not u perlect 
a« they might have been in reUtioQ to their oouditiont ; and this is 
abowQ to be the case by so many native forms in many qnaiiera of 
the world having yielded their places to intruding foreigner!. Nor 
can organic beings, even if they were at any one time perfectly 
adapted to their conditions of life, have remained to, vhen their 
conditions changed, unlesi they themselves Ukewise changed; and 
no one will ditipute that the pliysical conditions of each country, at 
well as tbe numbers and kinds of its inhabitants, have aiid<trgone 
many mutations, 

A critio has lately insiatcd, with some parade of mathenuttical 
accuracy, that longevity is a great advantage to all eptcics, » 
he who believes in nattiral selection " ronst arrange his ceneiilog 
tree ** in such a manner that all the dexcendanu hav 
than their progenitors 1 Cannot our critic conceive tbat ■ biei 
phint or ono of tbe lover oainiats niight nuig? into a cold clinti 
and iicrish thi-ro every winter; nnd yet, ouiug to ndvanla| 
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gained through natural selection, survive from ycikr to year by 
meaua of its seeds or ovn? Mr. E. Dii; Lankestcr baa recentiy 
discussed tliis Eubjoct, and he coDcludcs, as far as its eitrcmo carii- 
pleiitj' alloivB biia to form a judgment, that longerity is generally 
related to the standard of each species in the scale of oi^aniEatiun, 
u woU as to the amount of ex|«Qditure in reproduction and in 
general activity. And these conditions Lave, it is probable, been 
lat^'y determined through natural selection. 

It has been ar^ed ttiat, a» none of the auimals and plants p( 
Eg;rpt, of which we know anything, have choDgcd during the last 
throe or four thousand years, so probably bare none in any part 
tt the world. Bat, as Mr. G. H. Lewes has remarked, this line ol 
•rgmnelit proves too much, for tbo ancicDt domestic races figuroil 
on the Egyptian monuments, or embalmed, are closely simikir or 
rren idcnticsi with those now living ; yet nil naturalists admit tliat 
■ueh races hare been produced through the modiRcalion of their 
oHjinal types. The many animals which have remained imchatigL'it 
since the commencement of the glacial period, would have been an 
incomparably stronger case, for these have been exposed to grcni 
changes of climate and have migrated over great distances; whcreait, 

Egjrpt, dnriog the last several thonsand years, the conditions of 
life, ss for as we know, havo remained absolutely umfonn. 1'he 
bet of little or no modiScatioa having been effected since the 
Itlacial period would have been of some avail against those who 
believe iu an Innate and necessary law of development, bnt in 
|iower]cia against the doctrine of tuttunil selection or the survivnl 
<>f the lltt«at, which implies that vhen variations or individual 
"ITurenccs of a beneBcial nature happen to arise, these will 1« 

iwtrvad; but this will bo cSoctcd only onder certain favourable 



'riw cclobrtitcd palfontologist, Groan, at the eliise of his Gcmmn 
tnuulatlon of tbia work, asks, how, on the principle of natumi 
KtoctloD, can a variety live side by aide with the parent-BpH'its t 
If b(>th have become fitted for slightly difibrent habits of life or 
HiDilitiuns, tbcy might live togetlier ; and if we lay on one side 
pxtymun'''') species, in which tbo variability seems to bo of a 
{in^lar nature, and all mere temporary voriatiuns, anch as sire, 
■JUniuD, &c., the more permaAeut varieties ore generally found, ns 
■ 1 can discover, Inbahlting distinct stations, — such as high 
or low land, dry or moist districts. Moreover, in the case of 
animals which wander much about and cross freely, their Tarivtlcs 
am to be gi-ncially couGned to distioct regions. 
Bnnn abio iiuiuls Ihiil (tiatincl i>pccie< nevfrdilTcrfiDmciicholhi'r 



ieV dmctoa, tct a neas; [ana ; njlca*b^lMnri 
s iftat nu^iwtt t£ the fr^aatnCJoa dMnUliA^v bflO&BMU- 
■t tfaa wrf time thcoo^ vamiiSB ■■£ — 1»^* ^MliMi? 
iWw iiaa ■eeewtj'fcr Kpfnnag Aat all tLe futo of aqf 
[ kan. biB HBtthaBamslj mnlifrdL Tie BOrt HriUnfE 
■ pnpcBe. Mi^ M wu 
an nriatko^ if aliglil, 
M dt«;«n)iild Iw taM- 
I V w if titer i»^ bra 
■rifdenfaiHl. ne Ib^ aasver, iKnTc^n-. to (iie Alan 
~ ~ 1 br tfaoos topwiie mi «liidt hare beat 
aa^ pWMT af wlalMi, for loine ipecial 
B aad dm7 beoe, or at tlia gic)h o «M d 
L ncEwkokbamesandmniUieirmcnUcbncteriMia 
kMB bn ucffiSBd ; tat if «« oa«U tnee nd ctefi ia tlM hatetr 
of iMr tBMfintaika,— aad He latter itep cm be Inoed,— «• 
■hoold aot lee gnat aad smiltaoeoBS change)^ but fint oae patt 
aad Ihctt aa otha dichllr modified aad unptmL Ereo whca 
■I w tinw bae leea apfbd by nan to kkm ooe charartcr akne, 
— «f Bhkb mr cntliTalcd pUnt* offer tfae bctt t»g»»ny^ — U viD 
iarariably be fanad Ibat althoa^ Uiii coa |ait. vlietbcr it b« tlia 
Hover, fhut, «r leaTe^ baa been {matljf ebangni, alnoM all tlia 
Mbcr part* kn« been ■I^Ulj modified, litis maj be attnbnled 
■■itly to tbe inadpis of comlalcd -rvwUi, tod pailly to io<alM 



■OMiii objcclion luu bocD cr^cd Iij BfonB, aad 
Mcenllr bf BroCi, nametT, that toaiiy dianictcn appear ta faa (^ no 
~ « wbsterer to tbdr poeaeaaors, ami therefote cumot hare bceo 
need thioasb natnnl tclcction. Broon aildoccs iba l«nglh of 
le can and tails in the diBerent species of bam ami nkc, — Uiu 
^ complex fold* of enamel in the teeth of miuiy t"'f *K and j 
moltitade of analogoiu cases. With respect to [jatits, this •' ~ ' 
liubecDdiKOsndbjKigeliinuiBdmtiable essaj. Besdnutatit 
tiatoisl wlection bu eSecIed mach, bat he insisls that the & " 
uf plants differ chieSy from each other in morphological c! 
H'Lich appear to be qnitc unimportant for the trelfore of the s| 
lie coDieqaenliy believes in an innate tfudencj towards pi 
and more perfect devtlopmcnt. Dc speinfica the a: 
(.(lis in tho tissaes, and of the leaves on the axis, 
natural leleciioQ could not have acted. To these majr be m 
the nameiical divieloDS in tbe parts of the floner, the p 
of the cvnles, tho shape of the tccd, nbcn not of any tIM ftr \ 
■■(iniQatioii, &c. 
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There b much forca iq ttis abivD olijectlon. Nevertheless, we 

igbc, ia the Brat pUco, lo bo extremely cautious in prctciuliiig 

lo decide irhat stnictures now ore, or bava ronncilf bceu, of use lu 

«ch (pcciej. Iq the second place, it should alwajs be borne in 

ndnd that when odo port ia modified, so will bo other piLrtB, throoi^i 

dimly seen cauiei, such as an increased or diiuinisbed fluiv 

•( nulriment to a part, mutual pressure, iin enrly developed part 

•flcctiog one sub«equently developed, and so Cortb, — as well as 

tliroagh other causes which lead to the many mysterious coses 

<( ooTTcUlion, which we do not in the 1ea.^t understand. Thesa 

Agencies may be all grouped together, for the sake of brevily, under 

the eiprcsgioD of the laira of growth. In the third place, we have 

to allow for the direct and definite action of changoi) cooditlons oi 

file, and for so-called fpontojieouB variations, in which the nature 

4f the conditions apparently plays a quile suboidinate part. Bud- 

nhallOQS, such as the appearance of a mos«-rose on a commiu 

foac, or of a nectonne on a peach-tree, olTer good instanceB of epon- 

'arialioQB ; but even in these cases, if we bear in mind the 

a minute drop of poison iu producing complex galls, wo 

Ight not to feel tco sure that the above variations are not the 

fen of aome local change in the nature of the sap, due to sume 

wngs in ilie conditions. There must be some efficient cau^ for 

ch ftli^C individnal difference, as well as for more strongly 

aikeil variations ivhich occasionnlly arise ; and if the unknown 

aae were to act persistently, it is almost certain that all tlio 

dividuais of the species would be similarly modified. 

In the earlier eailions of this work I under-rated, as it now seems 

piobable, tbo fiequency and importuice of modifications due tu 



vaiianility. But it is ImposKiLia to nltributo ti 



this 



kablti of life ot each species. I ca 
t the weil-tt^aj'toJ form ol n 
V the principle oi' selection by 



hiclk are so well adapted to tlio 
bo more U'lieve in lliis, thoc 
e-horse or greyhounil, which 
u was well luideretood, excited 
older naturalista, can thus bo 



! It tiMj be worth while to lllusinite aome of the fbregoi eg remarks. 

iPith respect to the assumed inuliliiy of various parts and organs, 

I M hanlly neeessory to obeerve that even in the higher and besl- 

>«B aDlmals many stnictures exist, which ant so highly develoiicd 

I tw one doubts that they are of im|urliUH.is yet their u^e has 

1, or his only rcerntly been, ascertained. As Bronn gives 

*i of the ean and lull in the eevoml iprcies of mica ni 

h trifling onrs, of dincrrnces in ttructuro wliicli can 
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bo of no ■pecial use, I toay mention that, according to Dr. Scliiilil, 
the eitcrcial ems of the common toouBC trg icpplied in ui extn- 
ordiniiy mannt^r with ncrvca, bo that tbey no doubt serve aa tactile 
organs ; bcnce tLa length of tbo cars can hardlj be quite onim- 
Ijortant. Wo aiuvll, also, presently bco that the tail is a bi°hljr 
useful prehenaile or^n to Gomo of llie spocioa; and its one wvuld 
be much influcncod by i!a Length. 

With respect to plants, to which on account of Ka^cli's aaaij 
I sJiaU confine myself in the rollovrii><; rcuAriia, it will be admitted 
that the flowers of orchids present a mnltitadc of cnrioaa itmctiirai, 
nhich a few years a.ffi would have been consiiieied as men moqdko- 
logical diSerenccs ivithout any special function; but they ara imw 
known to be of tlic hii;1iest im]xirtance for the rertilisation of Iho 
species through the aid of inseciB, andliave probably been gained 
through natural selocliDii. Ko one until lately would have imagined 
tliat in dimorphic and trimorphic phtnta the diOercnt lengths of the 
■tamens and pistils, and their ammgemcnt, could buve boca of uiy 
lervice, but DOW wa know this to be the c«se. 

Id certain whole groups of plants the ovules staod or«ct, and in 
olhcra they are suspended ; and within Iho some ovarium of khuo 
few plants, one ovule holds the former and a seuond ovulo the Uller 
posiiion. These positions seem at first purely morphulogicAl, oc 
of no physiological ai^LiGcatioa ; hut Dr. Hooker informs me that 
-within the aaroo ovurium, the upper ovules alone in some cases, 
and in other coaes the loiret onea alone are fertilised ; and he 
auggeita that this probably depends on the direction in which tlic 
pollen-tubes enter the ovarium. If so, the position of the ovnlvs, 
even when one is erect and the other suspended within the aatoe 
ovarium, would follow fmm the selection of any slight deviations in 
position which fitvouxed their fartilisatioD, and the production of sevd. 

Several plants belonging to diKtiuct oniers hatHtuatly produce 
floweiB of two Icinds, — the one open of the ordinary structure, the 
other closed and impcTfcct. These two kinds of Qowers Bometimes 
differ wonderfully in structure, yet' may be seen to graduate into 
each other on the some pbnL The ordinary and open floweift 
1x1 intcrcroBsed ; and the benefits which certainly are derived 4 
this process are tbus secured. The closed and imperfect lli 
however, manifestly of high importance, as tbi>y yield * 
ulmost safety a Urge stock of seed, with the expenditure of 
fully little pollen. The two kinds of fiowen often differ ti 
just stated, in structure. The petals ia tb« imperfect Bomn 
always consist of mere nulimcnis, and ihe pollcn-graina an n 
in diami'ler. In Ononis c^'liimtia.- five of the altcrnulD clamaa 
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idimtniUrj \ ind m some gpeclca of Viola Ihrea stameiis nro in 
a uiMt, ttvo lelainiog their proper fuoction, but bdng of very 
In six out of thirty of tho closed flower* ia an Indian 
violet (DBine miltnowii, far the plants biivo naver prodoced with rr.c 
perr«ct fiowfn), the sepab are reduced from the normal number 
uf Gro to three. In one section of the llalpighiaccffi the closed 
doK'era, occording to A. do Juxaio'i, are still further modified, for 
la which stand opposite to tho sepals are all aborttil, 
p*iith Btomen slandiog opposite to a petal being nlotte developed ; 
Bil this Blamen U not present in tlie ordinary ilowers of these 
; l!ie etyle is aborted ; and the OTnria arc rednccd from thrcn 
D tiTA Now although nntuml selection may well have bad the 
IT to preTcDt some of the Honors from expanding and to reduce 
unoDHt of pollen, when rendered by the closure of the flowers 
rfluons; yet hardly any of the above special modifications can 
Ikve bwD thus determined, but must hnve fallowed from tho laws of 
mtb, including tho functional inactivity of parts, during the pro- 
B of tho reduction of the pollen and the closure of the flowers, 
^ It Is so necessary to appreciate tho important effecls of the laws 
f growth, that 1 will give some odditioDal catea of another kind, 
oely of diPeteneeg ia the a.ime part or organ, due to dinercneea 
R rcUtiTe position tm the same plant In the Rpanish chestnut, 
wa& ia certain fir-trees, the angles of divergence of the leaves differ, 
aeoordiDg to Schaeht, in the nearly horizontal and iu the upright 
fanni-hea. lu the common rue and somo other plants, one flower, 
DMially tlia central or terminal one, opens fint, and has five sepaiii 
«ni) pftalx, and five diviaiona to the ovarium ; whilst all the uthri 
Sowcii on the plant are tctramcroui. In the Biitish Adoxn the 
■ppennoat Sower generally has two calyi-lobes with the other 
mrgua tetramerous, whilst the surrounding fiowers generally have 
^tbw ealyx-lobcs with tho other organs pentaraerous. In many 
~ mpnelUn and UmbcUiferDe (and in some other plants) the cireum- 
ntisl fiowen bare their corolLis mnch nipro developed than llioso 
tfthfcmtre; and thii seems often coimected with the abortion oflho 
sdoetivo organs. It is a more curious foct, prcvioutiy referred 
, that the achenes or steds of the circumference and centra 
* differ greatly in form, colour, and oUier chamclers. In 
^Ckrtliamu* and aoma other Comrosilas the central iicbent* alone 
sm famished with a pappus ; and in Hyoscris the lame head yield) 
■diaaa* of thioa different forms. In certain UlnbelliferiD the ex- 
(arior sndf, Mcording to Tausch, are orthospcrmous, and tlie Ceninl 
*, and tills it a character which was ooiuidcri^ by 
n other cpecies of Ihu hi;;heet lystemntlo tm- 
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jiurUnce. rmr. Briiitt roculioiis a iriimiiriaceous gntuv, In whicli 
die flowars ia Ibo lower fart of iho spike bear oral, ribbed, ituo 
cecded DutlstK ; and in the upi>cr port of tha sfiika, LuiceoUtc, twt> 
v&Wed, and two^eaded tiliquea. In tbeie scvetal <:aacs, witii U« 
ciccptioaof Ihatoftha woU developedray-QurcU, which aie of aerrioe 
in mokii^ the flowers conspicuous to iusecti, nstuiul wlection tsut- 
not, as br as we om jud;;o, have came into play, oc only in a quite 
ittbpidiaate nmnntr. All these modificmlons fotlow from the rolaliTC 
position and inur-actiou of tho parts ; nod it au banlly be doubted 
that if a'.l the flowers and Icares on the same plant bad been sub- 
jected to the Mma cxtornai and internal condition, as are the flower* 
and leaves in oerlaiu positions, all would hnvo been modified in the 
Dtme minncr. 

In numfmuB other cmes wo find modifications of itnictiirB, whicli 
are oonsidend bj botiinidts lo be gencmUj of a bii|:Li;r import- 
ant nature, aSccting onlf aoma of tho flowcts on the same pUnt, 
or occurring on distinct plants, which grow close together uudrt tltu 
tamo conditions. As these variations seem of no special use to 
the pUtuts, the; ctmtLot h&ve been influenced by natunl •dnction. 
Of tbeir cause wo are quito ignor«at; we cannot even attrtbata 
thotn, u in the last class of cases, to any proxltnaie kgancy, aiwli 
as relative position. 1 will give only a few instancet. It U » 
roinmon to observe on the same plant, flowen indiflbrooUy tetn- 
inrrous, pcntamGTOus, &c, that 1 D(«d not give exajnplot; but as 
uumoricjl variations are comparatively rure when the puts ate 
few, I may mention that, according to Ue CaudoUe, the Bowcn of 
I'apaver biw;teatum oOei either two lepals with foor petals (which 
is the comntun type with poppies), or three sepals with ns p«tak 
The nianner in which the petJla are folded in the bod ia ju loost 
groups a very constant morpholt^ical character ; but I'roicssor A» 
trmy states ihut with some ipecica of Himului. the KstJvaliaq " 
nliiiost OS frequently that of the Bhinanthidess u of Iho AdUi ' 
nidco!, to which latter tribe the genas belongs. Aug. St. if" 
gives the following cises ; the gcoos Zanthoxjloa belong J 
diviuoD of tho BuCacem with a single orory, but ii 
flowers may be found on llie tame plant, and even in th* % 
|>anicle, with either one or two ovaries. In lloliantheiniiiv 
cap«ulo has been described as unilocular or S-IocuUr; 
II. mutabile, "Una lame, pfus ou moiiu large, a'^nd • 
pericarpo et le placenta." In the flowers of Saponoria o 
Ur. Masters has observed icslances of both marginal and frn a 
pbuenlation. Lastly, BL (liUiie found towards tb* aoutltfiK 
treinc of tho nn);o of Qoniphia oleieformis two forms which ll 
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t fint doubt were distinct ipccies, but be fubseqnt^lly raw 
1 growing cm the auoe bush ; kdA be llicn EiddB, " VoiU done 
■ na mCme indiTidn dca logea et va st}'le qui «e rotlacbciit 
^fcuilOt i on Kie Tcrticale et tantfit k un gynobaae." 

We ibua aea tbat with pliints mitiiy inorpholc^cal cban^es niav 
ba nltribated to tbo Uws of growth and the iul«T-actioa of pnria, 
hndepeiulently of nBlunil selection. But mitb respect lo K^eli'a 
^<tetri]M of an innate tendcacy towards perfection or progressive 
BTclopment, cnn it bo said in the case of these strongly ■pro- 
uioed Tariatious, that the pLioti have been caught in the act oi 
Bin;; towards a higlicr state of duvrlopment? On the coti- 
timrjr, 1 slio&hi infer fiom the mere (act of the parts in queslior 
iliflcring cc Tarj-ing greatly on the aanio plant, that Buch m<di- 
ficuioiis WOK of extremely small importance to the plants tbcm- 
wlr«i^ of whatever importance they may generally be to us for 
oar claaaificaliDns. The acquisitioQ of a usolesn [art can bordl)' 
Im lul lo laiae an organism ia the natnral acale; and in tho ease 
of tbs imperfect, closed fiowers above described, if any new prin- 
ciple hu to b« invobcd, it mnit be one of retrogression rather than 
of pTDgnacioD ; and so it must be with many parasitic and degraded 
■wiwak We are ignorant of the exciting caura of the nbovo 
qifciQed modificalioni ; bnt if the unknown cbubo were to act 
•IcDMt nniformly for a length of time, vc may infer that ttie result 
wentd be almost unifbna; and in this case all Ibc individuBU of the 
•pociea would be modifiLil in the same manner. 

Vrwa the fact of the above characters being nnimportant fur ll^o 
vlfue of tbe apecies, any alight variations which occurred in them 
it have been accumulated and au^cntod through natural 
A flructnre wliich has been developed through loiig- 
tBlinofd Klection, when it ceases to be of serrice to a spccits, 
rally hecmnci Tariable, as we see with rudimentary organs ; for 
^ inJl no longer bo regulated by this same power of selection. 
pt wboD, from the Dalnre of tbe organism and of tbe conditionii, 
tdltlcatkint have been induced which are uniuiportant for tho 
» of the Kpecie*, they may be, and apparently often havo 
I, truuimittod in neatly the same state to nomeroua, otherwiio 
■DodiSad, dewcudantf. It cannot have been of much im[<irtancu 
to tha greater number of mammals, birda, or reptiles, whellicr they 
««i«clotho>l with hair, f<*lhcn, of ecaUs; yet hair has been trai;»- 
nllUil to almont all mammals, feathers to all birds, and scales to 
ail ima wjitilea, A atrncture, whatever it may be, which is com- 

[to many allieil forms, la ranked by ni as of high systcraatlo 
-tanec, and conroqiiinlly is often assumed to be of hish vit«l 
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importanco to the species. Thus, «s I nm inclined to believe, 
morphological ditTereaces, which we consider as importotit — such u 
the nrrangemcnC of the teavca, the diviuoni of tha flower or of tliE 
ovarium, the position of the OTutea, &c — first appmred in maojr 
caaea as fluctiuting varintious, which loonec or later became con- 
Btant through the nature of the orgatusm and of the snrrnnndin^' 
conditions, as well as through the intorcrosBiDg of distinct iodivl- 
dnals, but not tbrongh natuni selection ; for oa these morphologicnl 
characters do not affect the welfare of the species, any slight derin- 
tions in them could not have been governed or accumulate throii^li 
lliis latter agoncj. It is a strange result which we thus arrive ar, 
namely that characl«ts of alight vital importance to the Sfcdo^l 
are the most important to Ihc systcmatist ; hut, as we aUnll b«i^| 
alter SCO whtn wa treat of the genetic principle of classificall|^| 
this is by no means so iiar(uio:£ical as it may at first appear. ifl 

Although we have no good evidence of the existence in organs 
beings of an innate tendency towaids progressive development, yet 
this necessarily follows, as I havo attempted to show in the fourth 
cbopter, through the continnad action of natural selection. For the 
best definition which has over been given of a high standard or 
organisation, is the degree to which the parts have been spccialiaod 
or dilTcrcntintcd ; nod natural selection tends towards this end, ioaa- 
miich as the parts ate thus cnabU-d lo jicrfonn ihcir fitnctioiis a 
cflicic&tly. 
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A distingnifilied zoologist, Mr. St. George Uivart, tiM 
collected all the objections which have ever been advanced 1 
mysolfand others against Ibc theory of natural selection, as jiro- 
pounded by Mr. Wallace and myself, and has illustrated them with 
admirable art and force. When thus marsliatlcd, they make a 
lonnidabte airay ; and as it forms no port of Mr. Uivart's plan t« 
give the variotu £ictB and considerations opposed to his conelnsiona, 
no slight effort of reason and memory is left to the reader, who may 
wish to weigh the evidence on both «des. When disciutBtng ipodat 
cases, Mr. Mlvart passes over the effects of the iDcnased ttaa 
F disi:Be of parts, which 1 have always maintained to be highlj^ 
I |>ortnnt,aDd have treated in my 'Variation under Domwtlca 
It greater length than, as 1 believe, any other writer. Ha liksjl 
often a&jmnes that I attribute uothiag to varii 
of natural selection, whereas in the work just referred lo I 
oollccled a greater number of well-established cms* than c 
foond in any other work known to me; My judgment may D 
lTO«worlhy, but after rijulins with cam Mr. Mivwt'» " 
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compariDg eacii sectiim with wliat I have said en the tame htad, 
I neYcr bcrote fclt so Btnmgly convinced of the goncnil truth of the 
OMjciiuioiiB here arrired at, cubject, of course, la eo intricalo a 
I •ttbject, lu much partial arror. 

All Mr. ilivart's objectioDs will be, or bavo beeo, caosidcred in 
I pi'Ment volume The oao new point which appears to hnvc 
Knick iniui)' readers is, "that natural eelectim i« icmiipotcnt to 
ucount far the incipient Htogci of UBcful Btmctures. * Ibis subject 
is inthuattly connected with that of tbe gradation of cbaracters, 
fien accompanied by a cliange of function, — for instance, tho con- 
trsion of D swim-bladder into Inogs, — points which were discussed 
a the last chaptra under two headings. Novcrtbciess, I will hero 
I'Snuiderin some detail several of tbc cases advanced by Ur. Slivart, 
1 nl«cting those which are the most ilhtstrativc, as wont of space 
cerents me from considering nil. 

The eiioff^ **/ 't* l*>f y stature, much elongated neck, fore-legs, 
'ead and tongue, has its \vholo frame beautifully adapted for 
EDwsing on tho higher branches of trees. It can thus obtain food 
d the reach of the other Ungnlata or hoofed animals inhabiting 
le tame country ; and this must be a great advantage to it during 
1'he Niat» catllc in 8. America show us how small a 
.rvcture nay make, during soch periods, a great difier- 
« in [irocrviDg an animol'i life. These cattle can browse as well 
as otben on grass, but &om the projection of the lower jaw thry 
ctiuiot, during the often recurrent droitghts, browse on tbe twigs 
■if tne^ reeds, lie, to which food the conimon cattle and horscH 
n then driven ; so that at these times the Niatas perish, if not fed 
's. Before coming to Mr. Mivait's objections, it may 
» well to explain once again how natural scloclion will act in all 
idiury cases. Nan has modified some of his animals, without 
mly having attended to special points of structure, by simply 
rving and breeding from the fieetest individuals, as with tlje 
Hwae and greybouud, or as with the gnme^xick, by brcodiii^ 
» tb« Tfclorious birds. So nnder natnro with the nascent giralfi', 
) isdividuals which were the highest browsers and were abla 
iring dearths to reach even an inch or two above the others, will 
1 have been preserved; for tlioy will have roamoi over llic 
le country in ai-arch of food. That the individuals of tho samo 
• olb'n differ slightly in the relative Icngtbs of nil Llu'ir purt« 
may la aeon in many works of natural histwry, in wliicb careful 
tneamrancnts are given. I'hcse slight pToportional dificrecoes. Hot 
to Uia laws of growth and variation, are not of tbe sli^htcit lue or 
^UB>portanc« to most sp(vie.i. Fui it will lave bei-n otlicrniM wilh 
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the nnncent girafie, conelilcring iU proiaLle luibita of life ; for thotv 
iodiTidiuU nbich had Bome oue part or several parts of tlieir bodiN 
rather mora elongated than usual, would genernlly havB Bunrived. 
ThcBe will have interciossed and left offspring, eithei inheriUng tba 
bamo bodily peculiarities, or nith a tecdeocy to vary again in tbe 
Biime maoner ; wbilat the individuals, 1cm favoured in the Mna 
rcsjiects, will have been the most liable to periah. 

We here sea that there is no need to sep«iate single pair^ aa man 
docs, U'hon he metliodically improvea a breed : natural selection wUl 
prcscTTO and thus separate all the superior iodividuala, allowing 
then freely to icitercrosi, and vrill destroy all t ho inferior indivi- 
iluata. By tliis process long-continued, which exactly conMipood* 
with what I have called unconscious selection by man, ccrabiaed va 
doubt in a must important mnimer with the inherited tflloctB of the 
increased use of parts, it accroatomoalmost certain that an ordituiry 
hoofed quadruped might bo converted into a giraffe. 

To this coDclusion Mr. Mivart briuga forward two ol^ecUona. 
One ia that the increased size o( the body would obvioudy tequin 
an increased supply of food, and hoconiiidera it aa"veTypn>bletnati- 
cal whetlini tlio disadvantages thence arising would not, In time* of 
itcarcity, more than counterbalance the advant^es." But ta Um 
giraffe docs actually exist in large nnmbera in S. Africa, and 
Mime of the largest antebpes in the world, taller than an ox,, 
thciv, why afaould we doubt that, as fiki as size ia concerned 
loediate grmdationa could formerly have existed there, lobjected 
lion to severe dearths. Aaauredly the being able to nacfa, at 
Gtago of increased size, to a supply of food, left nntouchod by tb« 
(>llier hoofed quadrupeds of the country, would have been of soma 
advantngc to the nascent giraffe. Kor most wo overlook tlie Cict, 
that increased hulk would net aa a protection sgalnst almost all 
Leasts of prey excepting the lion ; and against this animal, its tail 
rwk,— and the taller the better,— would, as Mr. Cbauncey Wright 
hoa remarked, servo aa a watch-tower. It is from this cause, m Sir 
S. Baker remarks, that no animal is mors dilEcult to stalk tliaii tbo 
girafle. His animal also uses ita long neck aa a means of oBodm 
ur dercnce, by violently awinging its head armed with atomp-Uko 
iiunia. lite prest^rvatiun of each specie* can rarely he dctcrmiiiod 
by aiir one advantage, but by the cnion of ail, great and nmolL 

Mr. M ivart thioi asks (and this is bis aecond objcciion), if oatnnil 
selection be so potent, and if high browaing be bo groat an tdnw- 
Ltge, why has not any other hoofed quadruped ooquiml a long Mok 
and lofty itatate, besides tbs giislfo, ami, in a leosec degm^ 
cami^ gnutaeo, sod macraiuhinua? Or, a^Xa, why W lut 
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member of tBe group acqairad a long proboscis 7 With resprct to 

B. Africa, which was formerl; inhabited by numerous herds of tha 

ginfla, the ttnswcr '\i not difficult, and caa best be given by an 

■llnBtratioD. In every meadow in England in which trees grow, 

we ICO the lower b:ancbcs trimmed or planed to an exact level by 

ibo btDwaing of the horses or cattle; and what Bdvonlnge would it 

be, for inBtancc, to sheep, if kept there, to acquire slightly longer 

Bochs? la every district some one kind of nnimal wilt almost 

I MTttinly be able to browse higher than the others ; and it is almost 

•qually cert^Q that this one kind alone could have its neck 

elongated for this purpose, through natural selection and the effecti 

L «f iuctMsed nso. In S. Africa the competition for browsing on tho 

\ U^er branches of tho acacias and other trees most be between 

I giraffe and girafle, and not with the Other ungulate animaie. 

Why, in other quarters of the world, Tarloos animals belonsing 
I to thi» samfl order bare not acquired cither an elongated neck 
roc ■ pfx>Wcis, cannot bo distinctly answered; but it is as nn- 
\ icBiannbla to e^^pect a distinct ansn-cr to such a question, m 
wliy MUno event in tho history of mankind did not occur in one 
eoontry, «biist it did in anotber. We are ignorant with rcepect to 
tbA cooditiona which determine tlie numbers and range of each 
■pedM; and we cannot even canjectaro what changes o( strncturc 
wootd be faTDtmthle to ita increase in some new country. Wb can, 
however, see in a general manner that various cnnses might have 
intnbrcd with the development of a long neck or proboscis. I'c 
»«!«ch the folii^ at a considerable heiglit (without climbing, for 
whlcb hoofed animals are siogularly ill-ccnntract«d) implies greatly 
iocrtoMd bulk of body; and we know that some areas support 
•ingnlarly few larj* quadrupeds, for instance S. America, thoogh it 
is 10 luxuriant ; whilst ^ Africa abounds with Ihcm to an un- 
panllded degree. Why this should bo so, wo do not know; nor 
why the later tertiary periods should have been ranch more Tavour- 
■bte tor their eiistenco tbna tho prenent time, ^^'hatever the 
(BilWt may have been, wo can see tliat certain districts and limes 
w«ttM have been much mors favonmblo than olhcts for the devoloii- 
n«at of 10 lar^ a quadruped as tho giraffe. 

In order that an animal should Bcqaira come structure specially 
and tM^ly developed, it is almost indispensable that several otiier 
VUti ahodd be modiHed and co-adaplcd. Altboogh every part of 
lb body varies alightly, it does not follow that the nocessaiy pArls 

I •henld olwayv vary in the right direction and to the rii;ht d<^ree, 

^H WHh th« different ipeclas of onr domesticatrd oniroala wa know 
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somo species are mucli more vambls tban others. Kren if Uid 
fitting variations did srice, it doox not follov that natuial wIecUoii 
would be able t<i act on tliom, aod produce a atnictitra wliich *.p- 
porenlly would bo benefioial to tho species. For instance, if Iha 
number of individuals existing la a coontry is determined cbicSr 
through destruction by beasts of prey, — by external or internal 
paraailca, &o., — as seems oftCQ to bo the cose, thca natoral aelectioa 
will be able to do little, or will be greatly retarded, iu modifyil^ 
any particular stnictuio for obtaining Ibod. Lastly, Datural Hleo- 
lion is a slow process, and the same [avoDrable conditions iniu4 
long endure in order that any msikod effect ehodd that be pro- 
duced. Except by assigning such general and vague rewoDs, wb 
cannot expliuii why, in many qcartcrs of tbo world, hoofed quadru- 
peds have not acquired much elongated necks or otbet means fix 
browsing on the higher branches of trees. 

Objections of the same nature as the foregoing bare been ad<n 
l>y mauy writers. In each case various causes, besides tho genei^ 
once just indicated, have probably inlerfored nilh tbo noqaiiitiaf 
through uatunil Eclsctiaa of structures, which it is thought would n 
boucScial to certain species. One writer asks, why lias not t[ 
ostrich acquired the power of flight ? But a moment^ tcflectioon 
n-ill show what an enonnons supply of food would be ncccsMry *J 
give to this bird of the desert force to move its hage body thioi^ 
the air. Oceanic islands are inhabited by bats and seals, but by n 
terrestrial mammals ; yet ss some of these bats are peculiar special 
tlivy must have kmg inhabited their present homes. I'berelbl 
Sir C- Lyell asks, and assigns certain reasons in acswer, why h 
not seals and bats given birth on such islands to forms Gttcd tt 
livo on tho land? But seals tvould necessarily be 6rst o 
into terrestrial comivorouE animals of considerable size, aud t«ts ial* 
lemslriil insectivorous animals ; for tbe former there would li 
no prey ; for tbe bats groimd-iusecta would serve aa fi)Od, 1 
these would already be largely preyed on by tbo reptiles or \ 
which first colonise and abound on most oceanic islands. Gradatia 
of ttructnre, with each stage beneficial to a changing gpedea, W 
1)0 lavoured only under certain peculiar conditiotis. A i ' " 
terrestrial animal, by occasionally bunting for food la i 
water, then in streams or lakes, might at Inst be converted into ■! 
animal so thoronghly aquatic as to brave ibe open ocean. But 
would not find on oceanic islands tho conditions favaurablo lo 
gradual reconversion into a terrestrial form. Bats, aa fun 
■bown, probably acquired their wings by at first gliding tLnKI(b^^ 
Uio air from tree lo tree, tike Ihn so-cnllul ftying^qiuini^ 
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Ibr lbs taka of escaping Troia their enomici, or for avoiding fnlU ; 
but whan the power of true Sight had once been aoqaircd, it would 
nerct ho reconrcrtod back, at least for the above purposes, into the 
leu efficient powor of gliding throngh the air. Bats might, iodccd, 
like many Inrds, bare bad their ninga greatly reduced in liic, or 
completely lost, through disuse; but in this case it would bo 
Mowanry that thoy should first havo aoinirod the power of ruaiiin; 
qnickly on the ground, by Ibo aid of tbeir hind legs alone, so as <« 
oompele with birds or other ground anitnaU ; and for such a change 
A hot Bcema singularly ill-filtcd. These conjectural reraarko hav« 
loerely lo show that a tmnaition of stracturo^ with each 
■lop beneScial, is a highly complex afTair ; and that there is nothiiig 
aliange in a transition not having occurred ia any particular cos;. 

Lastly, more than one writer has oaked, why have some animals 
Iiad their mental powers mora highly developed than others, as sucli 
d«v«Lopmenl would be advantogoouji to all ? Why have not apes 
■oqnired the intulli-ctiial powers of man ? Various caasea could bo 
■Bigtied; but as they are conjectural, and their relative probability 
Cwmot be weighed, it would bo nselcsa to give tbem. A definite 
•aawer t« the lattur question ou^ht not to bo expected, leeibg that 
no OoocMi solve tlie simpler problem why, of two races of savages, 
COS ha* risen higher in the scale of civilisatioii Ihnn llic olhir ; and 
Uiit appkrontly implies increased brain-power. 

Wa trill return to Mr. Mivarl's other objections. Insects oftuu 

for the sake of protection vniious objects, such as green or 

Mfed leaves, dead twig^, hits of lichen, fiowcrs, spines, excrement 

f Urdi, arid living insects ; but lo this Utter point I shall hero' 

icur. The msembknec is often wonderfully close, and is not 

d to colour, but extends lo form, and even to the manner in 

which tba iusods hold thcm-ielvcs. The caterpillars which project 

ffioUoalM* like dead twigs from the bushes oa which they feed, 

' r kn excellent iustonca of a resemhlauus of this kind. 'I'bo 

■ 0/ the iniilalion of such objects as the oiciement of birda, ara 

I and oicopliou&l.' On this head, Ur. Mivart remarks, " As, 

I •OEOtding to Mr. Darwin's theory, there is a constant tendency lo 

I faidcfiDita rarialion, and as the minute incipient vaiiations will bo 

I in oZf dirtttitm*, they iQust tend to neutralize each other, and at 

I flrel to form such unstable modifications that it ia difficult, if not 

Btmpflaiblet to see hovr auch indefinite osciilatioDS of iuSniteiimal 

t%B{hiDisf!i can ever build up a sufBciently appreciable rasamblanCB 

llo a luf. bamboo, or olhcr ubjcct, for Nntural Selection to seiM 

I upon and perpetuate." 
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But in ali tlie foregoing cases th« ituiccU in tbur ori;jiiial ttato 
DO doubt prcscDled Eome rude ftnd iccidental reaembUnce to au 
object commoolr Ibunil in the iintiooa ffequcoUd bjr them. Kw 
is tluB at til imjnvbabte, coniideria^ tlie almost infinitv aumbtf 
•airoimdiiig objects titd the diversity ia Ibrai and colour o^ 
hosts of insects vbich eiisl. As sonic nide rescubUnoe ia 
SU7 for the first statt, we caa nndcrstuid how it is ihat the 
and higber animals do not (with the eiceptJon, as for a* I know, of 
one fish) resemble Tor the sake or protixtioa special objects, bnt 
only the surface nhich oommonly suirouods them, sad thi* cbtaflj 
in coloDT. Assuming that sn insect otiginall; happened to leaemble 
in some degree a dead twig or a decayed leaf, and that it varied 
liligbtly in many ways, then all the variations which rendered the 
Insect at ^1 mere like any tnch object, and thus favuiual its escai^, 
would be preserved, whilst other variatiotkS would be neglecteil and 
ultimately lost; or, ir they rendered the insect at all less like the 
imitated otjcct, tbcy would be eliminated. There would indeed bo 
force in Ur. Mtvart*s objection, if 'kk wstb to atteiopt to acoonnt 
for the above resemblances, independently of natural seleetiou, 
through ■m.'x^ Suctualinf vaiiability ; but ai the case stands ihm 

Nor can T see any force in Hr. Mivart's difficulty with mpecl to 
" the last toiiclies of perfeclion in the mimicry;' as in llu caso 
giron by tlr. Wallace, of a walking-ilick insect (CeroxylDs 
iacemtus), which leaombles "a stick grown over by a cnepiDg 
moss or jnngermannia." 80 close was this resemblance^ that a 
native Dyak maintained that the fulioceous eicresconcea wtn n^jr 
iiioai. Insects are preycal on by birds and other enemies whose 
night IS probably shaiper than oun, and every grade in resemblance 
which aided an insect to escnpe notice or dctfcUon, wonkl Iviid 
towards its ptoetvotion ; and the more perfect the i«semblanco so 
much the better for the insect. Considmng the nature of the diflcr- 
cnccs between Iha species in ihs gnmp which include the above 
Ceroiylua, there is nothing jmprobalito In this in.scct having vsriail 
in the inegnlarilies on its Eiirfaco, and in these hnving become mora 
or less green-coloured ; for in every group the chamclers whiob 
differ in tho several spfcics are the mosl apt Xa vary, whilst tho 
generic characters, or those common to uU the rpccics, am the most 



The GreeDland whale Is one of the most irondcrful animals ia the 
■arid, aad the iMleen, or whiile-bone, one of its greatest facil* 
UaiitiM. The bnloen oniists of n tow, on nirh •iilf, cf the itnier 
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jaw, of about 300 pktea or Inminnr, wlucli stand close together 
Iranavenel; to the longer uis or the mouth. Witbin the Hiain row 
tlifre are some eubddiar; rows. The extremities and inner tnargmi 
of &1I the plates bud frayed into stiff brif tits, which clothe the whole 
gi;,-si]tio palate, and serve to Gtrain or «rt the water, and thus 10 
■ccnre the mioute prey on which these great animala subsist The 
Diiildle and longest lamina in the Greenland whale is ten, twelve, or 
CTen fifteen itaX. in length ; but id Ihe difTcrent spedes of Cetaceans 
there bid gradations in IcngCli ; the middle lamina being in one 
species, according to Scoresb;, four feet, in onethet three, in 
RQOther eighteen iochea, and in the Ealanoptera rostrata ouly nlxiut 
nine inches in lenglh. The qtmlity of the whale-bone also diBeis in 
Ilie different species. 

With respect to the baleen, Mr. Uivart rcm.irks that if it "had 
oocB Btbiucd luch a eixe and devrlopmcnt u to be at all useful, 
then its preservatioQ end augmentation wtlhio Berviceiible limits 
wimld bo promoted by natoral sdection alono. But bow to obtain 
the beginning of such useful doTclopment '/ " In answer, it may 
be uko^ why should not the early progenitors of the wliales with 
Woen haTe possessed a mouth cunstnicted somctiuDg like the 
lamellatcd beak of a duck? Ducks, tike wliales, subsLit by sifting 
tho mnd and water; and the fcmily has sometimes been calltd 
CciUotoret, or siflcn. I hope that I may not be misconstrued into 
' Mying that the ;irogcnitors of whales did actually possess mouths 
' lamellatrd like llio beak of a duck, I wish only to show that this 
b not inncdible, and that the immeose plates of baleen in the 
Greenland whale might hnvo been developed from such lomultiB by 
ftoeljr graduated steps, each of service to its poBsessor, 

The beak of a shovdlor-duck (Spatula olypcata) ia a more bean- 
lUttl aod oomploz slmcture than the mouth of a wbalo. Iliu ti|ipcr 
mandlUe i* fumiBhed on encb side (in the specimen examined by 
s) vtitt a row or comb formed of 198 thin, elastic laniulU-, 
' ObUijoetj bevelUtl so as to be pointed, and placed tiacsrcrsvly tu 
the bngnr axis of the mouth. They arise from the palate, and nre 
attaohud I7 flexible mvmbrane to the side* of the mandible. I'hoso 
standing towanls Ihe midille are the longest, being about ona-tltlri,! 
of an inch in length, ami they project "H of an inch beneath llie 
edg& At their baves there is a short subsidiary row of obliquely 
tnnsvene lonclliE. lu these several respects Ibej tescmbla the 
plalM of buloen in the mouth of a whale. Dut lutvnnlji tlio 
«itnm)ty of the beak tlicy differ ntuoh, a* they proJMt inwnrds, 
faut«^ of straight downwards. The enliro lictid of the shorellor, 
ihongh tncomfambljr Ices buIVy, >s ftlmnt iine-ei^hleenth of th* 
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bagtli of the bead of ■ modastdjr Ur^ tklmcptm ladnU, |i 
■Udt Bptda tliA bdeea ft onlx nine iacba loDg ; m th&t It « 
areie to uuto tha head of the ihoreller m k<Dg ts tliU of ll 
DabEuopten, the laroelUe vonid be six inches io length,— thai 1% ' 
lvc>-thiid«o(tbB length of the baleeniotliif spcaesofshaJe. The 
lower mandible of the tihoTelUr-diick ii furnished with laindbB of 
«](ial lenglh with those abore^ but finer; and in bdi^ ihna br- 
niahed it diflen conspiccanil; from the lower jaw of a whalo, vrhjdi 
is deetitQte of baleen. On the other band, the cxlmnitie* cf tfaoe 
lower lamellz are frajrcd into fine briEtl; points, to tLat they Ums 
cnrioiuly rcwmble the plates of liiiiccD. In the gmna FHoc, a 
member of the distinct £imilj of the Petrels, the upper mandiblB 
alone b funlishcd vilh lameilK, which are well developed and 
project beneath the margin ; eo that the beul: of thii bird re«emUea 
in thia respect the month of a whale. 

Fiam the highly developed slroctaro of the shoveller's beak wo 
rosy proceed (as 1 haTe leamt froin inTormalion 
to me by Sir. Salvia), without any great break, as far as ii 
sifting is concerned, throDgh the beak of the Herganclta armata, and 
in some respects through that of the Alz spotisa, to the beaJc of tha 
ojminon duck. In this Utter Epccies, the lamellag are much coaner 
than in the shoveller, and are lirmly attached lo the ndes of Ibo 
mandible ; they are only about 50 in number on each ade, and do not 
project at all beneath the margin. Thej are square-topped, and ars 
dlged with translucent Imnli'li ttasoe, as if for crushing food. Tba 
edges of the lower mandible ai« crossed by nomcroua fioe ridgi^ 
ivhich project recy little. Although the beak ii thus Tery infcri 
OS a sifter to that of the shoveller, yet this Inrd, as ercry one know 
lunstantly uses it for this purpose. There are other spcciis, a 
hear froia Ur. Satvin, in which the lamellB are considerably Ii 
developed than in the common dock ; tttit 1 do not know whotl 
they use their beaki lor sifting tha water. 

Turning to another ptinp of the same family. In the 
goose (Cheoalopcx) the beak closely rosemblea that of the ei 
duck; but the lamcUw are not so numerotis, nor so dialiuct £ 
each other, nor do they project so much inwards ; yet this gi 
I am informed by Mr. E. Uartlolt, " uses its bill like a d< 
throwing the water out at the comers." Its chief food, bow 
eiBSs, which it crops like the common fooae. In this latter U 
the lamellx of Ihe upper mandible are much coarifcr than it 
common dock, almost contlucnt, about 27 in number on 
side, and terminating upwards in teeth-like knuUL 'ilio pat* 
alfto covcml with hard roundtyl knobs. Hir c<!!rei< of lhi> lot|| 




niuDdiUe tuc scrrateJ trith teeth much moro promineDt, ooanier, 
ftud shuper than in tho duck. 'Jlio common goose does not sift liie 
water, but uses its beak excluaivelv fee tcnring or cutting hcrbngr, 
lur which {nrposo it is bo well fitted, that it can crop grnsa cloeur 
than ahuoBt any other aaimal. 1'hcre are other species of geese, na 
I hear liom Mr. Bartlett, ia which tho LoniolliB aio ieaa devului'cd 



'Wo thoB see th&t a member of Iho duck famiij', with a bcnk 
[ COIUilnictcd like that at the common goose and adnpliil solely for 
giAang, or even e. member with a beak liaring loss wril-developcd 
I IkmelliE, might be converted by small changes into a species Uke 
I the Egfptiou gooBC, — this into one like tho common duck, — and, 
I lutly, into one Uke the ahoTelliT, provided with a' beak ultnost 
[ «icluMTely ailaptcd for Bifting the WBt4.T ; for this bin! oould hardly 
[ wo any part of its beak, eiccpt the hooked tip, for seizing or teatiu;: 
"d bod. 'rho bcok of A guoso, as I may add, might also be coii- 
tcd bj small changes into one prorided with promincut, rccurviKl 
I teeth, like tboea of the Merganser (a member of the same family), 
r MrTiDg for Uie widely difTeront purpose of securing.1iTe fish. 

Returning to the whales. . The Hyperoodon bidens is destitute of 

I troo tcoth in an cfScient condition, but its palate is roughened, 

LaKCcrding to Uiccpido, with small, uooq\ial, hard points of burn. 

■^nxn it, therefore, nothing improbable in supposing thnt some 

y CelKCon form was provided with similar points of bora on the 

lnt«, but rather more regularly placod, and which, like the knohs 

n the Wk of the goose, aided Jt in scizbg or tearing its food. If 

Km, it will hardly bo denied that the points might haTo been con- 

I Tcrlcd through variation and natural selection into lamtllw as wvU- 

I dovulopod as thoaa of the Egyptian goose, in which case they would 

IImvo Ikoh used both for seizing objecla and for silting tho watvr ; 

w tlicn Into Umdlw like those of the domestic duck ; and so onwards, 

I'tlBtil they became as well constnictcd as those of the shoveller, in 

I vlticb caw they n-oidd have served exclusively as a siftiLg appn- 

Intu*. From this stage, in which the lamellm would be two-thitds 

t the luigth of the pbtes of baleen in the Balmnoptera roatrata, 

latloo^ which may bo observed in still-existing Cetaceans, lead 

■ onwards to the enormous pbtcs of balccn in the Greenland 

|kiin]& Hot is thero the least reason to doubt that each step iu 

■ tcalo might have been as serviccablo to certain ancient Ccia- 

I, with the (unctions of tbc parts slowly changing during (bo 

I of development, as are the gradations in the beaks of 

BDt existing members of the duck-family. We should 

d thai tach spectea of duck U Biibjectnl to a seveta 
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■tru^le for existence, and that the Btrnctnro or every i»rt or it* 
rtftiQo must bo well adnptod to its coodilJoM of life. 

The Pleuronecti'LTB, or Flat-fish, are rcmarkahle for their asjm- 
mctrical bodies. ITiey rest on one aide, — in tlia greater number of 
Bpeciea on the left, bnt la some ou tho ri|;ht sida ; and occaaionallj' 
rover«ed adult spocimous occar. I'ho lower, or testing-surface, ro- 
wmblsa at first sight the Tentral surface of an ordinary fish: it is of 
a white colour, less developed ia many ways than the upper side, 
with the lateral fins often of Bmallor Bi»). But tho eyes offer tbo 
most remarkable peculiarity ; for they are both placed on the uppc^ 
eiJo of the head. Dnriog early youth, however, they stand oppo- 
Eite to each other, nod the whole body is then symraetrical, with 
both aides etjuaUy colonrcd. Soon the eye proper to the lower side 
begins to glide slowly round the head to tho upper side ; but doei 
not paea right throngh the skull, as was formerly thought to be 
the case. It is obvious that unless the lower eye did thus travel 
roimil, it could not bo used by the fish whilst lying in its habitUHl 
position on oao side. The lower eye would, also, have been liable 
t« he abraded by the sandy bottom. That the Pleuronectidie are 
admirably adapted by their flattened and asynunctrical Btmcturo 
for their habits of life, is manifest from several species, such ns 
soles, flounders, to., being eitrcmely common. The chief ad- 
vantages thus gained seem to bo protection from their enemies, 
and facility for feeding on the ground. The difiercnt members, 
however, of tbo family present, as SchiOdte remarks, "a long series 
of forms exhibiting a gradual transition from Hlppogloestu pinguia, 
which docs not in any considerablo degree alter tho shape in which 
it leaves the ovum, lo tho soles, which are ontiroly thrown to one 

Mr. Mivart has taltcn np this case, and romarhs that a suddeu 
spontaneous transformation in ths position of the eyes is hardly 
conceivable, in which I quite agree with him. He then adds : " if 
tho transit was gradual, then how Bnch transit of one eye a mjnulo 
fraction of tho journey towards the other side of tho head could 
bonefit tho individual is, indeed, far from clear. It seems, even, 
that such an incipient transformation most rather have been inju- 
rious." But ho might have found an answer to this objection in 
tho excellent observations published in 18G7 by MJm. Tho 
PlenronectidiB, whilst very young and still symmetrical, with their 
eyes standing on opposite sides of the head, cannot long retain 
■ vertical position, owing to the cscesaivo depth of f heir bodies, the 
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iwiinlilndder. Hence soon growing tired, they fall to tho bottom 
un one flidu. WtillA thus at rest the]' often tvist, as Malm 
obsorved, llio lower eya upwards, lo «ec atovo them ; and they 
do this *o yigoronsly that tho eye is pressed hard against iho 
upper part of the orbit. Tfao forehead betwoen the eyes conse- 
queotty bcoonies, ns could bo plainly seen, temporarily contractoil 
in breadth. On one occasion Malm saw a young fish raise and 
deprois the lower eye through an angular distanco or about seventy 

Wc gbotild ramemhcr that tho skull at lliis early ogx is cartik- 
giooUB and Qcxible, so that it readily yields to moscular action. 
]( is also known nith the higher animals, even after early youth, 
that the sknll yields and is altered in shape, if the skin or museles 
bo permanently contracted through disease or some accident. With 
long-cared rabbita, if one ear lops forwards and dovmwarda, its 
weight drags forward all the bones of the skull on the samo aide, of 
which 1 have given a figure. Malm states that the newly-hatchcd 
young of perches, salmon, and several other Byoimctrical fishes, 
have the habit of occasionally resting an one side at tho bottom ; 
and he has observed that they often then strain their lower eyas 
80 as to look upwards ; and their skulls are thus rendered mther 
crooked. These fishes, however, are soon able to hold themselves 
in a Tcrtical position, and no permanent effect is thus producod. 
With the Picoronectids, on the other band, the older they grow 
the more habitually they rest oa one side, owing to the Jnurcasbg 
flatness of their bodies, and a permanent effect is thns produced on 
the form of the head, and on the position of the eyes. Judging 
front analogy, the tendency to distortion would no doubt bo 
increased through tho principle of inhcritanco. Bchiiidte believes, 
in opposition to some other naturalists, that tho PleuroncctiJai are 
not quit« symmetrical even in the embryo; and if this be so, wc 
could understaod how it is that cert^un species, whilst young, 
habitually fall over and rest on the left side, and other spoclcs on 
the right side. Malm adds, in confirmation of the above view, that 
the adult Tiachypterus arcticno, which is not a member of th« 
I'leuroncctida:, rests on its left side at the bottom, and iwima 
di^onally through the water ; and in this fish, the two sides of the 
hrad are said lo bo somewhat dissimilar. Our great authority on 
Fishes, Dr. Giinther, concludes his abstract of Malm's paper, by 
remarking that " the author gives a very simple esphmatiun of iLo 
abnormal condition of the rieuronectoids.'' 

We thus see that the first stages of the transit of the eye from 
ne side of the head to the other, which Mr. Uivart considers would 
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be injuriuDS, mny be atliibuteil io tbe habit, oo doalit bene 
Ticial lo UiH individual and to tbe Bpccies, of endDavonring I 
loak iipnards with both eyes, whilit resting on one aide at tl 
bottom. We may also nttributo to tlte inherited cETMtB of t 
[he fiLct of tie mouth in ecveral kinds of flat-Sah bdng I 
lowardB the lower aurfiico, with the jaw bones slrongcr ai 
elTociivc on this, the eyeless aide of the head, than on th 
fur the sake, as Dr. Traquair inpposcs, of feeding with eiuv on ih? 
ground. Disuse, oa the other hand, will account for the less dere- 
liiped condition of the wbola infi:riar half of the body, inclndlng the 
liUenil lias; though Yatrell thinks that tbe reduced ein of iheae 
fius is advantflgcous to the fish, as " there is no much leaa rooai for 
their action, tbaa with tbe larger Gcs aboTo." Pcrhape the leoor 
iiumher of teeth in the proportion of four to bovcd in the opiMr 
halves of the two jnws of ihe plaice, to twenty-fiva to Quj\y In the 
lower halvea, may likewise bo accounted for by disuse. Rom tbl 
colouileas Btate of the ventral surfico of most fishes and of n 
othar aoimala, we may reasonably suppose that the a 
colour in Qat-Ssh oti tbe side, whether it bo tbe tight in lefl 
which is undermoat, is due to the excluaion of light. But it o 
not be supposed that the peculiar speckled appeamncc of the u; 
side of the aole, ho like the sandy bed of the ecu, c ' 
Eomo species, as recently shown by I'ouchet, of cbonginj I 
colour in accordance with tbe surrounding surfiuc, or thu preKDt 
of bony tubercles on the upper side of the turbot, n " 
nclion of the light. Here natural sclcclion hns probably come in 
pUy, as well as in adapting tbe gcncml shape of the body of th 
lishes, and many other peculiarities, to their habils of life, 
should keep in aind, as I have before insialcd, that the inbcrita 
cDectii of tbe increased use of parts, anJ perhaps of tbeir disuse, ■ 
be Btmngthened by natural selection. For all spontancoti* t 
lions in the right direction will thus be preserved ; as will tboi 
iodividuab which inherit in tbe highest degree the effects of tl 
increased and beceScial use of any port Uow much to allribute U 
each {articular case to the effects of nw, and how much to n 
selection, it seems impossible to decide. 

1 may give aQDtberinstuDce of a structure which apparently O' 
its origin eicluaively to use or habit. The extremity of the tall 4 
mme American monkeys has b«m converted into a wonderfulM 
ix'rfect prebenrile orfln, and serves as a fifth liand. 
who agree* with Mr. Mivart in every detail, remarks on 
ture; " It ia impossible to believe that in any number of ■■ 
first slight incipeot tendency to grasp <oiiId preserve the livta al 



I Ciur. TIJ. 



Theory of Natural SdcciiD/t. 



189 



the indiTidiialB possesKiDg it, or fiiTOUr Ibeir chnnco of bnving ntid 
of retiring oflkpring." But there is no ccctssilj for any Boch belii'f. 
Uabit, and this almost iinpliiis that soma beDoSt great or small ia 
lUua deriTod, would ia ftll probability sufRce for the work. Drohm 
uw ibe young of an African mankry (Ceicopitbi?cua) clinging ti> 
tlio nndcr surface of their inotbcr by their bands, and nt the Boniu 
time tboy booked thdr little tails ronnd Uml of their mother. 
I'rufeEBoi Ueoslow kept in coafinoment some harvest mice (tins 
mcasoiius) which do not possess a siructiirally prchensilo (ail ; but 
he (rsqaently observed that they curled their tails round ifas 
brMtcbes of a bush placed in the cage, and thus aided themsclres 
in cliiabing. I have rccoired an analogous account from Dr. 
GUulhcr, who hot seen a mouse thus suspend itself. If the harvest 
«nso had been more strictly nrborcsl, it nould perhaps have ba<l 
s toil tendered structurally prehensile, as is the crue with aone 
luembcra of the same order. Why Ccrco|nlhecus, considering ita 
Iiabit* wbilat young, has not become thus provided, it would bo 
difficult to say. It is, bowaver, pomiblo that the long tail of tliis 
I monkey may bo of more service to it as a balancing organ in 
iiig iCa prodigious leaps, tlinn ns it jH'ehcnsilo organ. 



Tbe mammary gUinils are common to the whole diss of ninni- 

Bwl^ and are indispcnsablti for their esi&lence; they must, tbcrc- 

I ion, have been developed at an extremely remote period, and we 

I can know nothing positively about thoir manner of devolopnicnt. 

f Mr. Uivart asks : " Is it conceivable that the young of any animnl 

ka ever aarcd from destruction by accidentally sucking a drop of 

tG*rcely nutiiiious fiuid from an accidt'Dtally bypcttiophicd cuta- 

neooa gland of its mother? And even if one was to, what chancA 

wax then) of the pcrpetuatioit of such a variation?" But the case 

U not bare put fairly. It is admitted by most evolutionists that 

mamiDBla aro deoccnded from a marsuival form ; and if h, the 

mammary glands will have been at first developed within the mar- 

•Ufool aauk. In the case of the fish (Hippocampus) the i^ 

I liatched, and the young aro reared for a tjiuc, vritbin a anck o( tlila 

I nattirc \ and an American naturalist, Mr. Lockwood, believes from 

I what h« has scon of the development of the young, that lb«y are 

I noorisbcd by a secretion from the cutaneous glands of tho sack. 

■iih tlio early progenitors of mammnla, almost lieforo they 

d to bv thus designated, is it not at Isist poisible that the 

% Blight have becu similarly nuuriahed ? And in this case, 

(. ladivUuals which suurolcd a fluid, in some degree or manner 

HBDlritious, CO as to partake of tha nature of milk would 





in tbe kng ran Iuts nmiri ■ tajver Bomber of trel1-ooQri*faed off- 
spring, than wotild tbe indiTidiuli wbicb ncnrtol a [nonr Haii - 
and thns tlie enUaeoiis ^lutds, which are the homolo^n of the 
vaaantaj gUndi, woold have hem Unpcived or reudend taatn 
rSfctif^, It occofd* with the videlj extended principle o( Sfvciiii- 
ntion, that the glands oya a ccitain space of the met should hne 
become more highly developed than the remainder ; md thr; would 
then hava fotmMl a bfewt, but at first without ■ nippl?, w we ne in 
the Ontitboihyiiciis, at the taaeof the mammalian series. Throng 
what agmcjr the glandi over a certain space became moce high); 
specialised Ifaan tbe otheis, I will not prrtead to decide, whether 
in j«rt through compeusaliun o( growth, the eSecU of me, ct of 
Datuiai selection. 

llie derelopment of the mmnniar; glands would bare b<«a of ao 
serrioe, and niuld not hare been effrctcd tbnmgh natunil •election, 
iiokas the yoong at the tame time wete able to |ivtalw of the 
secretion. 'Iliere i« do gnater diffieollj in understaDding how 
yoan^ mammals have instincttTeljr learnt to sock the breaat, than 
in nnderataudiBg how unlmlched chickens hare Iramt to trcak tha 
cg5-»h«U by tapping against it wiih their spteially adapted fanks j 
oi how a few houn after leaving the »bell they hare Icanit to pick 
up gnies of food. la mch cases the meet probable aolutioD serms 
to be, that tbe haUt was at Snt acquired by practioe at s toon 
ndvanoed age, and aflerwiirdB tnnsmitted to the ol^pHsg at an 
earlio' age. But the young kangaroo is Mid not to anck, only to 
cling (0 Um nipple of its mother, who ha« Ibe powti of injecting 
milk into tbe moulh of her hclpl»9, half-formed offspring. On (his 
hfad Mr. Hirsrt remarks : " Did no special prorision exist, the 
young ono must infallibly bo choked by ihe intnuion of the milk 
into the windpipe. But there u a special prorisicm. Ilia laiynx 
is 80 elongated that It rises up into the posterior end at the nasal 
paasige, and is thus cuablcd to give froe entnnce to the air for the 
lungs, while the milk paa»e« haimleasly on each xide of ifais eloo- 
galcd larynx, and m safely attains tbe gullet behind it." Ur. Minrt 
■ hen asks how did natural sctectioD remove in the adolt kanp 
(^tud in most other mammals, on the aonmption that they M 
ticscended from a marsnpial fonn), " this at Least perfectly itil 

and harmless structure?" It may bo mgi^ted in answer thj 

voice, which is certainly of high importance to many animals, oould 
hardly bavo been used with full force as long ai the larynx entend 
iha nasal passage ; aod Profeoor Floww has snggested U 
this (tnicture would have greatly inlcrf-rod with 01 
ing ioiid (bod. 
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We wiU DOW turn fur a thort ifoce to tbo lower diviaioa* of ihe 
immat kingdoiiL. I'be EcbiDodenmila (star-GBlieB, Boa-urcbina, >&c.^ 
•re furnislufd witU remarkable cr^Ds^ called pedicclkrLie, ohicli 
cousut, wtiea well developed, of ■ Iridacl^le Ibrcepa — tbat is, of one 
formed of threo wrrated artOB, Dcatljr Qltiag together and placed ou 
tliccutamil-of a flexible stem, movvd by maiicles. Tboa Ibrcepa 
can Mixe final j bold of any object; and Alexander Agauis bns 
Keu an Echinui or gea-urchiu rapidly paasiog particles of excrement 
iima forceps to forccpc down ctrlain linea of its body, in order thai 
iu abell ibould not be fouled, lliit there is no doubt tliat btnudcK 
Kuoving dirt of all kinda, ihey aubsurve other functions ; and one 
of tbcMi apparently is defence. 

Witb respect to thew organs, Mr. llivart, as on to many prc- 
Tiooa occasions, auks: "Wliat would be tha utility of the fint 
nulimeulary btgio'iiagt of such slruclun^s, and how could such 
incipirnt buddings ha ve ever prtiserTed Ibo lifu of aeingle Echinus? " 
He odds, ** not even the ludtim development of the snapping action 
muld have been bencGcial without llio freely moveable sIaUl, nor 
oould llie latter b&ve bwn efficient without tbo snapping jaws, yet 
no uiuute merely indefinite variations could Eimaltanoonsly evolve 
then complex co-onlinations of atracturo ; to deny this seems to do 
no Icaa than to affirm ■ startling paradox." Baradoxical as this 
nay appear lu Mr. Mivort, trldoctylo forcepses, immovably fixed 
at tW base, but capable of a snapping action, certainly exist ou 
•eow atar-Giliea ; and this is intelligible if theyBOTve,at least in 
(art, u ■ means of defence. Mr, Agasdix, to wboM great kindness 
I am indebted fur much information on tlie subject, informs mo 
that than are other Btar-£sbe«, in which one of the three arms of 
the toiwpe is reduced to a support for the other two ; and again, 
Otbs gEUSTS In which the third arm is complctoly lost. In Ecbino- 
neoa, the shell ia described hy M. Pettier as bearing two kinds of 
ivdicelbuias, cue rcsembllDg those of Echinus, and tbo other those 
of Spatanpisi and such cases are always interestini> as affording 
of apparently ntdden transitions, through the abortion of 
not «f Uie two itatcs of an organ. 

With respect to the steps by which these curious organs have 
been eTolrul, Mr. Agossiz infers from bis own rcucarehes and those 
of Uiilla, that both in star-fishes and sea-urchins the |>ediaellarln 
ihiubtedly bo looked at as modified spines. This may be 
fiom thrir manner of development in the iudividnal, as 
[VoU M (rum a luU); and perfect series of gradations in different 
.wd geueis, from simple granules to ordinary spines, to 
,llU>ctyle pedicellatiie. 'i'ho gmlation »leiub even to 
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the maaner vx wbicli oriiouy spinei and the ]iedicclbri» with 
their aupporliag calcarsous n)d9 are articulated to the shell. In 
cert«m genera of stai-fishes, " tho very combinatioin needed to 
show that the pedLcallnrim are only modiG«d hranching spices" 
may be fuund. ThuB we have fixed spines, with thres equi-distiuit, 
■enated, moveahle branchoa, articulale<l to near their bases; sod 
higher up, on the snine spine, three other moveable brani^hes. 
Mow when the Uttet arUa from the summit of n apine they form 
in fact a rude tridactyle pedicetlarU, and euch may be seen on the 
aame spine together with the thieo lower branches. In this caie 
the identity in nnluro between the arms of the pcdicellariA and the 
moveable branches of a spine, is unmistskeableL It is generally 
admitted that the ordinary spines serve as a protection ; and if so, 
there can he no rcnson to doubt that those funiiahed with serratni 
and moveable hisncbcB likewise aerre for the same imipose; and 
they would thua serve still more effectively as soon as by meeting 
together they acted aa a prehenailo or Bnj[iping apparatus. Thus 
every gradation, from an ordinary 6xed apine to a fixed pedicetlaria, 
would be of service. 

Jn certain genera of st&r-Gshcs these organs, instond of bcin;; 
lixed or borne on an immovable support, are pUccd on the aiimmit 
of a flexible and ninsculsr, though short, stem ; and in this oue 
they probably lubserve some additional function besides defence. 
In the sea-urchius the Bteps can be fuUowed by which a fixed apiita 
becomes articulated to the shell, and is thus rendered moveable. 
I wish I had apace here to give a fuller abstriLct of Hr. A;:asiii's 
interesting observations on the development of the pedicellarir. 
.AH possible gradations, as ho adds, may likewise be found between 
tho podicolloriie of the itar>lii>hei and the books of the Dphiiirinns, 
anuthcr group of the EchinodemiatB ; and again bettvwn the pedi- 
coUarim of sea-urchins and the anchors of the Uotolbnrift, 
belonging to tbs some great class. 



CerLuu compound animals, or Eoopliyles as thsy have 
termed, namely ihe Folysoa, are provided with curioos t 
called avicukria. Iltcae djfler much in structure in the different 
species. In their most perfect condition, they curiously resemble Ihe 
head and beak of a vulture in miniatoie, seated on a neck and cap- 
able of movement, OS is likewise the tower jaw or mandible. In one 
ipMnei observid by me all the aviculoria on the lame branch ofiao 
moved simultaneously backwards and forwards, with Um lower 
jaw widely open, through an angle of about 90°, in tho coon^, 
five a«conds; and llidr ninvcracnt cimed the 
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trCTnUi*, Wheo Iho jaws nro touched wiili n needle iLcy seize it 
finDl? tbat the branch can thus be shnkeu. 

Mr. Mivut adduces this ciue, chiefly on Hcconnt or the Bupjioscd 
^ffictiltj of orgUDS, nnincty tho aTicularia of the rolyzoa oud the 
ptdioelUriB of tha Echinodcrmnln, vhich he conaiders fts"essen- 
tiiUly similar," baring been developed through natnrat selection in 
widely distinct diTiaiona of tho animal kingdom. But, aa far »s 
Knictare is oanoened, I cnn see no similarity between triduclylc 
pedicellAruo and aviculari>i. The iattur resemble aomewbat mote 
llotely the cheUe ot pincers of CruelACcana ; and Mr. Mirort mi;;1it 
kftve adduced with equal appropriateness this resemblance as n 
apeciol difficulty ; ot even their rcsctnblanco to the head and beak 
bird. The aTicnlaria are believed by Mr. Busk, Dr. Smitt, and 
Dr. Kilscbe — DStuiallsts nho have carefully studied this group — [o 
hi homologoua with the looids and their colls which compose the 
amjibyto ; the moveable lip or lid of the cell coTTCSponding with the 
lower and morcable mandibla of tho sTiculurinm. Mr. Busk, hon*- 
•vcr, doM not know of any gradatiocs noiv existing between a zoiiivl 
an sricularium. It is Ihorefore impossible to conjecture hy 
what aarviceable gradations the one eocid have been converted inio 
Otbci: bat it by no means fbllows from this Ihnt such grada- 
tion! hire not existed. 

At the cheln of CrusCnceanii irotmblc in some degree the avicli- 
laHa of Polyaoa, both Bervinp u pincers, it may be worth while to 
■bow IhAt with the fonner a long aeries of si'rvioeoblo gradations 
exists. In the first aud simplest stage, tho terminal segment 
C( ft Umb shut* don-n either on the square tunimit of tha brood 
pennltlDiate aegmcnt, or against one vbols aide ; and is thus enabled 
10 catch hold of an object ; but tho limb slill serves as an or^n 
of kmnDotion. We next &nd one corner of the broad penultinialu 
MgiDQil slightly prominent, sometimes furnished with irregular 
tMtb ; and tgainst these tho terminal «cgment shuts down. By an 
IS* in the size of Oiifl projoctioo, with its sbiipe, as well as (hnt 
,W ibe tmniool segment, slightly modibed Bi>d imiiroved, the pincers 
•n mulcrvd morn and tntfc perfect, until wo bnvo at last on inslni- 
as effleionl as iho chdm of a lobttcr 1 nnd all Ihosu gradaliuns 
«ui b* actually tmccd. 

Bstides the aTJenlnria, tho Puiyzon powess curious organa called 

Tilnoula. llioae generally conaiflt of Ion; brislk-s, cnpiiblc of 

'ameot and eanly ncitcd. In duo species examined Ly me 

TibraenU were slightly carved and semted along the outst 

'VUgiD i and all of them on the some polyioory often moved limnh 

luly J » thai, octiuj like Ion; oar', they swpt n limneh rapidly 
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across the object-gliksi of tnj niicroecopo. \V1ien ■ bnmch * 
placed on tti Tace, the vibracnU becama eabmslod, ftad Uicj nuila 
violent efforts to free theiosolTes. They are supposed to svm u 
ft defence, and may be seen, aa Mr. Busk remailu, "to cwMp 
slowly and carcfally ovei Iho surface of the polywary, KiaoTiiig 
wliat might be noxious to the delicate mKabitauta of the cella wli«n 
their teotacula are protruded." The avicularia, like the TibracuL^ 
ItTobablj aerTe f(>r defence, but they also catch and kill small liring 
uimals, which it :■ believed are aAcrwanls encpt by the curraiU 
within reach of the teDtacnla of the eooidi. Some apocie* an! 
provided wiih avicularia and vibracula ; Mine wilh avioularia olooe, 
and a few with vibracula alone. 

It is not easy to imagine two objects more widely different in 
appearance than a bristle or vibracutum, and nn arictilaiium bko 
the head of a bird ; yet they tire almost cerlaitily homologous nnii 
liavc bccD devolopcd from the same coaimon source, namely a uwid 
with it* cell. Hence we can undcrabmd how it is lliat iLtsu 
orgaoa gradiiats in some eases, as I am informed by Mr. Doik, 
into cacji other. Thus with the aTicularia of several specks of 
Lepralia, the moveable mandible is so much produeod and is ao Uk« 
a bristle, that the presence of the upper or 6ied beak aIodq Mma 
to dotennine its avicularian nature. Tho vihraciila may litv* bssn 
directly developed from the lips ol the ceils, without having [MMd 
through the avicularian stage ; bui, it teems more probaUa that 
they have passed through Ibis sLigii, as during the early alagca of 
the transformation, the other parb of the coll with lUe included 
looid could hardly have disappeared at once. In many eases tltf 
vibracula have a groorod support at the base, which ieoms to n 
sent the fixed beak; (hough this support in some Hiieciea 1« q 
absent, lliis view of tho development of the vibrsciila> if t) 
worthy, is interosling ; for supposing that all the i]^ 
with avicularia bad become extinct, no one with the mual vivid 
imagination would ever have thought that the vibracula hail ori^tuilly 
existed OS part of an oi^on, rc«ombling a bird's head or an irregular 
box or hood. It is interesting to see two such widely diffBrciit 
or^nns developed from a common origin ; and as the moveable lip 
of the coll serves as a protection to the lOoid, there is no difSculiy 
ill believing that all the gradations, by which tho lip bwMiMoga- 
verted first into the lowpr mandible of an avicnlariuia • 
lu(« an elongated bristle, likewise served as a protection in di 
ways and under different eircumstancce. 



In the vegetable kiugdom Mr. Miv 
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lUwuely the stnicture of the flowers of orchid*, and tlio movemeols 
of climbing plants. With reapret to the former, ha bbjb, " the 
cxpl«n«lion of their origin is deemed thoroughly unsatisfactory — 
Utterly iamfficLOOt to eiplain the indpieut, infinitesimal beginninirs 
tf itructares which are of utility only when they are canBidetnbly 
4«velopcd." Aj I have fnlly treated thia subject in fttiother work, 
1 will here ^ve only a f<!W details on ooa alone of the most striking 
PKaliarities of the flowcis of orchids, namely their polUnia. A 
poltiniom when highly developed consists of a mass of pollen-graiiir, 
affixed to an clastic foot-stalk or caudicic, and this to a little mass 
of extremely viscid matter. The poUinia are by this means trans- 
potted by insects from one flower to the stigma of another. In 
iMHne ocbids thcro is no caudicio to the pollen-masses, nod tbe 
igniiu aro merely tied together by Sne threads; but as these arc 
coafinnl to orchids, tbeynecd not here be considered; yet I 
nicutiaa that at the base of tlis orchidaceous series, in Cypri- 
um, wc cnn see liow the threads ^ere probably first developed. 
other orchids the threads cohere at one end of ibe pollen-masses ; 
1 this forms the first or nasccat trace of a caudicio. Thnt this 
Ii the origin of the candiclo, even when of considerable length and 
' i^Iy developed, wo have good evidence in the aborted pollcn- 
rhich can somelimts be dct/^cted cmboddisl within tlio 
itrsi anil solid ]iarts. 
With respect to iLo second cliicf pecu'.'jirily, nftniely the little 
of viscid matter attached tn llio end of iho caudicio, a long 
of gradations can bo siicciQed, esdi of plain service to tbe 
la most flowers belonging lo other orders the stigma sc- 
a little viBcid mntler. Now in certain orchids similar viscid 
itt«I ll secreted, but in much larger quantities by cne alone of 
three atigmas ; and this sti^una, perhaps in consequence of tbo 
liotu focrctioD, i> rendered eterile. When an insect visita a flou'ur 
thia kind, it rubs off some of ibo viscid matter and thus at tbe 
time dn^ away some of the pollen-grains. From this suniilo 
itiun, which diflcra but little from that of a multitude of 
ilowers, ihero are endless gradations, — lo specie* in which 
tUe poDcn-moai terminates in a very short, free caudicle, — to othcn 
la witkh the caudicio becomes firmly attached to the viscid matter, 
witli ihe elerile stigma itself mtich modified. In this latter case 
■m lum A polliniDm m its most highly developed and perfect oon- 
'" on. Me who will carefully examine the flowers of orcbids for 
iMtf vill not deny the existence of the above series of gradations 
an a maia of pollen-grains merely tied together by threada, 
the Migma differing but little froni thnt of an onlinary fluwtr. 
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to a higbly cooiplex polliDium, adminibly sd&pUd fot tiansportel 
bj insects; doc will he deny that all the gradations in the several 
^tceies ore admirably adaptod in relatioa to the geooral alructare 
of each flowdc for its fcitiliiiatioQ by diSerant i[i)>ect8. Id thist Biui 
in ttlmosl every other case, the enquiry may be jmshcd futthct 
backwards; and it may bo asked how did the stigma of an ordinary 
flower become viacid, bat as we do not know the full bislory of any 
one group of beings, it is as Dsetcss \o ask, as it is hopeloi to 
attempt answcriDg, such questions. 

We will now torn to cbmhiug plants. These can bo arraDged in 
A long serial from those vhicli siniply twine round a nipporl, to 
those which 1 have called leaf-climbers, and to those provided with 
tendrils. In these two latter classes tbo stems have generally, but 
not always, lost the power of twining, though they retain the poirti 
of revolving, wbicb the tendrils likewise possess. The gradations 
from leaf-climbers to teEdril-bcorers are wondfrfiilly closa, and 
certain plants may be indifTt-rently placed in either clsia. But in 
usccoding the series from simple twiners to leaf-climbers, an impoT' 
taoL quality is added, namely scnsitiveoESS to a toocb, by which 
means the foot-stalka of the leaves or flowers, or these modified 
iind converted into tendrils, are excited to bend round and clasp 
the touching objoct. lie who will rend my memoir on these plautd 
ivill, I think, admit that all the many gradations in fonctioa and 
structure between simple twiners and tcndril-bearera are in each 
case beoeGcisl in a bi^ degree lo the species. For instance, it 
is clearly a great advanbige to a twining plant to beeoms a leaf- 
climber; and it is prolwbh] that every twins' which poBsened 
leaves with long foot-stalks would hace been developed into a leaf- 
climber, if the foot-stalks bad possessed in any slight d^na the 
requisite sensitivenea to a touch. 

.As twining is the limplent means of ascending a support, ami 
forms the basis of our series, it may naturally be asked how iliil 
plants acquire this power in an inupient degree, aflcrwardi lo be 
improved and increased through natural selection. The power ol 
twining depends, firstly, on the stems whilst young being cstreinclf 
Hexibla (but this is a character common to many plants which arr 
not climbers) ; and, secondly, on tbeir continually bending lo all 
points of the compass, one afier the other in euccosaian, in Ute sam>i 
order. By this movement the stenu are inclined to all sidM, and 
are made to more round and round. An sooa as the towar |Ut «f 
of ■ stem strikes agaiosC any object and ia (topped, the vppcr part 
slilL goes on bending and revolving, and thus neeeasarily twiiwi 
round and up the support. The revolving movoment ceoMi ■fin 
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nlf growlh of etch shoot. As in many widuly gcparalpii 

miliee of [>liiiit3, single species and single genera poucsa the power 

f revolvicg, and iiave thus become twiners, tbcy must liaru 

^dentlj Required it, &Dd cimnot have inherited it from & 

D progenitor. Eenco I was led to predict that some alight 

a movement of this kind wuuld be found to be (or from 

□ with plants which did not climb; and that this had 

I '■SbrdM the basis for nutoral selection to wotk on and improro. 

1 Whou I ni»da this prediction, I knew of only one imperfect oasa, 

aely of the youag flowcr-pcduncles of a Mauntndia which 

IBTolved slightly and irregnlarly, like the stems of twining plants, 

bat without making any use of thia habit. Soon afUrwordB Frit/ 

UUller discovered that the young stems of an Allsma and of a 

Uatun, — plants which do not climb and are widely separated in 

th* nstnral tystem, — TevolTod plainly, tbungh irregnlarly ; and bo 

ftalM that he has reason to Eiup«:t that this occurs with tome other 

^anbk These alight moremonts appear to be of no servios to the 

plants in qnealion ; anyhow, they aro not of the least use in the way 

of climbing, wluch ia the point that concerns us. Kevertbelcss we can 

ate that if the stems of these plants hod been Heiible, and If under 

the conditions to which they are exposed it had profited them to as- 

I cowl to a height, then tbo habit of slightly and irregularly revoliing 

^^Ktlgbt have beon increased and utilised through nalnral selection, 

^^ft&tit tbej had become converted into (vell-dcveloped twiniug species, 

^^B With respect to (he sensitiveness of the foot-slalki of the leaves 

l^^pad flowars, and of tendrils, nearly the same remarks are applicable 

[ H in the easo of the reTolving movcraenta of twining plintB, As 

ft vast DQinher of species, belonging to widely distinct groups, are 

«tido»«d with this kind of sensitiveness, it ought to be found in a 

nascent condition in many plants which have not become climbers. 

Thia it Uie case : I observed that the jonng flower-peduncles of 

iho abore Mauiandia curved therasclvcs a little loirords the si>)e 

which was touched. Marren foimd in several species of Oialii that 

tbtt kaTS and their foat-atall(s moved, CEpeciall3' after exposure 

to a hot smi, when they were gentler and repeatedly louohed, or 

wbca Out piant was shaken. 1 repeated those oliserviitiooB on some 

Mbar apeciet of Oxalis with tho same lesult ; in some of them the 

nowiDeiit was distinct, but was best seen in the young leaves; in 

othcTi it was extremely sli^t. It is a more important fact that 

accordiog to the high authorily of Hofmeister, the young shoots and 

Iwrsi «( all plants move after being shaken ; and with climliing 

vvphnta It ia, M we know, only during tho oorlr stages of growth tlifti 
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h is scarcely possible that tlio nliove ilight movemcnls, dne lo 
a touch or shake, in the young Bod groning otgnns of phints, ran 
be of anj functional importance to them. But plants pcescu, in 
obedience to various stimuli, powers of iDOVcment, which &i« of 
manircst importance to them ; for instance, toward* and more rarely 
from the light,— in opposition to, and more rarely in the direclioo 
of, the attraction of gravity. When the oerrea tuid mnsclsa of an 
animal are excited bj galvanism or by the ftbitorption of strycbnine, 
the consequent movements may be c«llcd an incidental result, for 
tlio nerves and touscIbs have not been rendered specially sensilire to 
tlieie stimuli. 80 with plants it sppeatB tliat, from having the 
{lower of movement in obedience to certain stimuli, they ttt excited 
in nn incidental manner by a toitoh, or by being ihaken. nenm 
there is do grent difficulty in adnitling that in the due of leaf> 
climbers and lendril-bearers, it is this tendency mhich boa b 
taken advantage of and increased through natural Hlection. 
liowever, probable, from reasons which I have ualgncd t 
mnnoir, that this will have occurred only with plants which \ 
already acquired the power of revolving, and had thus I 

I have alreiiJy cndcnvoiircd to explain how plants became twiucrt, 
namely, by the iucrcnse of a tendency to slight and irregular 
revolTing movementa, which were at first of no use lo them ; thi* 
movemeni, as well as that due to a touch or shake, being the Inci- 
dental result of the power of moving, gained for other and beae- 
ficial purpoiea. Whether, during the gradual developmeiU if 
climbing plants, natnral selection has been aided by the ii" "^^ 
effects of use, 1 will not pretend to decide; but wn know j 
certain periodical moTemenle, for instanoe the so-called ■ 
plantis are governed by halnt. 



of leaf. 

ram 

hlch^^H 
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■ ■ - 1 Save now considered enongh, ptrhnps mon 
Cises, acleclcd with care by a skitrul naturalist, to prove tlwtDi 
selection is incompetent to account for tbe incipient stagei oT 
structures; and 1 have shown, as I hope, tliat there is d 
difHculty on this head. A good opportunity bos thus bocs aflbided 
for enlarging a little on gtudaiions of structure, often aMocialed 
with changed functions, — an important subject, which was noi 
treated at sufficient length in the former editions of this wort. I 
will now brieSy recapittdato the foregoing cases. 

With the giraffe^ the continued preservation of the individnala of 
some oitinct higfa-resching ntminant, which had tin loncot ncckv 
legs, ite., and cotild browse a little above the avcra@B bolglil, toA 
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tbfl coDtiaacd destnictiaa of tboae which could not browse so higb, 
woald hare sufilc«d ibr the pttxluctlon o( Lhis rooiaikable quiul- 
roped; but the iirolongcd use of all the paj'te together with inbcrit- 
■nce will have ■ided lo an imporlant mancci in Iheir co-ordination. 
With tha many lanects trhich imitate varioua objects, there is do 
improbability '\a tbe belief that an accidental rescmblaQCQ to soma 
MQinton object was in each casa tha foimdation for tlio work of 
Utnnl EelecIioD, sioce perfected through the occasiouHl presen*ntion 
{^ (light TRrbtioDS which mada the resemblance at all closer ; and 
ivill haTG been coiriod on as long oa the insect coDtinued to 
'WTf, Mid as long as a more aad mora perfect re«eniblance led to its 
bom sharp-sighted cnemiGi. In certain tpecies of irhalc^ 
there is k tetLdoncy to the fonnation of irregular iitCle points of bom 
oo the palate ; and it teems to be quite niihin the scope of naturnl 
MiecUon to preserve all faTourDble Torialioos, nnlil the paints were 
oonTctted fint into lumclktcd knobs or te«th, like those on the 
beak of ft goose, — then into short lanieihe, like those of the dumpttiu 
docks, — and than into lamollK, as perfect as those of the shovuller- 
'dock,— knd Gnally into Ihe gigantic plates of baleen, as la the mouth 
' the Greenland whale Id the familj of the ducks, the lamelhu 
first used as teeth, then partly ns t^tJi and portly as a sifting 
lUu^ and at iMt almost oxcluaivcly for this latter purpose. 
With euoh slruoturcs aa the above lamcllnj of hom or whalc- 
hibit or use can hare dona little or nothing, as far ns wa 
judge, towards thdt development. Uo the other hand, tha 
rtal of tho loiver eye of a flat-fish to tha upper side of 
lb* bMd, and the formation of a preheniule tail, may be attributed 
almcat wholly to continncd use, together with inheritance. 'With 
Rapect lo tho mamiDie of the higher animals, the most probable 
ooDJccture is that prtmordiDlly the cutaneous glands over tho whole 
snrbcKOf a marsupiat sack secreted t. nutritious fluid; and that 
IhGM glands ware improved in function through natural selection, 
•ad o^MMitratiid into a confined area, in which cnse they would 
ira fonnol » momma. There is no more difficulty in nndcr- 
litig bow the bntncbcd spinea of soma ancient Echinodcrni, 
defence, became developed through natural loloc- 
iato tridadyle pedicellsriie, than in undors Landing the develop- 
It of the ^ncers of onutaceiuis, through slight, sfrviceable modi- 
in the ultimate and penultimate segments of a limb, 
at tint (uol solely for locomotion. In the avicnJuia 
vibneolft of tho Polyxoa wa have organs widely different in 
developed from the same Bor.rae : and with tho vibneula 
nndentand how tho succchsIvo gradations mi^ht have b*cn 
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sfscrvioa. With lie pollmiaor orchids, tbelhteada whioti origiiwBx 
•erved to tie together tlio polien-graina, can be traced oolicriiig into 
ctuidiclM ; and the steps can Lbewine be followed by vhicL rlHid 
matter, such u that secreted by the stigmas of ordinary Bovcis, and 
still snbBerving nearly but not qnito the some purpose, be«Di» 
attached to the free ends of the caudicles; — all thcsu giaduioiu 
being of mDnifcsC benefit to the plants in question. With mpra 
to climUng plants, 1 need not icpcat what has been so lately sud- 

It has often been asked, if natural selection be ao potent, why ha) 
not tills or that structure been gained by certain species, to nliiob it 
would apparently haveboen advantageous? Batit i«unrcaaan«Uslu 
expect a precise answer to such questions, coosidering our ignomne* 
□f the psst history of each S|iecios, and of the conditions nhich at 
the preecnt day detemune iu numbers and range. In most ca«s 
only general reasons, but in soma few cases spedal rMsons, can be 
assigned. Thus to ndapt a species to new haUts of life, many eo- 
ordinaied modifications are almost icdispcnsablc, uid it tnay oflen 
have happened that the requisite parts did not vary in tha right 
manner or to the ri<;ht degree. Many species nmsl hare been 
prevented from increasing in numbers through destroclire agimciFf, 
which Blood in no relation to certain stnietures, which we ImBzinu 
would bavo been gained through natural selection from *pp««ritii: 
to us advantageous to the species. In this case, as the strti^lo 
for life did not depend oa such strvictures, they oonU not have 
been acquired through natural selection, Jn many omm ooropkix 
and loug-enduring conditions, often of a peculiar nstaro, an mm»- 
ssry for the development of a structure ; and the retjDlsite con- 
ditions may Bcldom have coocurrcd. llie belief that any ^ven 
structure, which wo thiuk, often erroneoBsly, would have been 
beneficial to a spoeics, would have been gained under alt circtun* 
stances through natural aelectlon, ia opposed to what we con nniler- 
stand of ill nutnner of action. Sir. Mivait doe* not deny tliat 
natural selection has edected something; but ho eonsideiB ii as 
" dcmonetrably insufficient " to account foi the phenomena wbit.-h 1 
expnliu by its agency. His chief arguments have now bocn con- 
sidortJ, and the others will hereafter be coesidertd. Tbey Kirin to 
me to partake little of the chamcter of demonstration, and to have 
little weight in comparison with those iu farour of the ponsr of 
natural selection, aided by the other ageucies oftan speci&ed. I am 
bound to add, that sume of the facts and arguments beie used by 
mo, have been advanced fur tlie same purpose in an able article 
lalcly publiBhcd in the ' Molico-C'hirurslcal Betiew.' 
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At the present daj almoet all naturalUts admit evolution under 

lOme fonn, Mr. Miviirt believei that species change thiougli "au 

f {atercnl foroo or tendency," about which it ia not pretended tha^ 

•njthing is knonn. That species have a capacity for cbango will 

he admitted by all ovolutionisCs ; but there in no need, na it BCcms 

to tne, to invoka any intcnial force beyond the tendency to ocdi- 

nary TariatnLty, which through the aid of sctection by man Ijds 

I pvcn rise to mnny well-adB[itcd domestic inccs, and irhich through 

I tbo aid of natoral selection would equally well ^ve rlBa by grodu- 

I Mod ttapa to nataral races or species. The Gnal result will gco^ 

Knliy have beeo, as already explained, ati advance, but in some few 

Maes a rctrogreuion, in organisilion. 

Mr. Mivirt is farther inclined to believe, and some natuntliata 
igree with him, that dcv species manifest Ihcmsclvca "with sud- 
knneac and by modifications appearing at oucu." For instance, 
be cnpposei that the diflercncea between the extinct three-toed 
Uippuioii and the horse otobo suddenly. Ho thiuku it tlifhcuU to 
bdiCTfl that the wing of a bird " was developed in any other way 
1 by a comparatively sudden modification of a marked oud 
L bporlaBt kind ;" and appircntly lie would extend the same view 
B to the wings of hats and pteiodaclylcs. I'his concio^on, which 
fDplic* great breaks or discontinuity in the series, appears to mo 
jjBprobahle in the highest degree. 

\ Kvery one who bclievea in slow and gradual evolution, will of 
« admit that speci&c changes may hato been as abrupt and as 
a any single variation which we meet with under nature, 
r even under domestication. But as species are more variable 
rkon dotneatioated or csUivated than under their natural con- 
ditiM)^ it is not probable that such great and abrupt vanations 
_1mto ofl«Q occurred under nature, as are known occasionally to 
e Dodac domestication. Of these latter variations several may 

■ altribbled to reversion ; and the characters which thus reappenr 
ire, it is probable, in many cases at Srst gained in a gradual 

Kill greater number must be called monstrosilics, such 
ii ill>tiDgered men, porcupine men, Ancon sheep, Kiata cattle, Arc ; 
d •* Ihey are widely diSerent in character from natural species, 
b«y throw very little light on our subject. Excluding such cases 

■ kbrapt fsriations, the few which remain would at best constitute, 

■ iDBiid in a stote of nature, doubtful species, closely rtlated lo 
ir pwnUl typH. 

■Hjr ntJtnu for doubting whether nalunil species have chan^ 
S B^lillr u b«v« occasionally domestic races, and for eniirely 
'" ving that they have cl^anged in the wonderful mnnnur 
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indicateii bj Ur. Mirnrt, aro ns fo'Joirs, According to our espt- 
rience, abrupt and strongly marked variations occnr in oiir domeni- 
catod productiona, singly and at rather Irmg interraU of timc^ II 
Mich occurred under nature, tliey -wooid bo liable, aa fbrmeri; 
explaiaed, to bo lost by accidaatal causes of destniction and by 
subseqaent iater-crosdtig; and ao it is known to be nudes domesti- 
cution, unless abrupt variations of this kind ars spocially p 
ODd separated by the caro of man. Hence in order that ■ 
species should suddenly apficar in the roanner supposed hy 1 
Mivart, it is almost ncceiuary to believe, in oppositicn to all ai 
.logy, that several wonderfully changed individuals appeared si 
uiooualj within the samo district. Uliis difficulty, as in the esse M 

GODsdous selection by man, is BToidod on the theory of gradoal 

olation, through the preservation of a lai^ cumber of iDdividoals, 
which varied mora or t<;ES in any favourable direction. Kid of the 
destruction ofn largo number which Taried in an oppotito manner. 

That many sivccies bavc been evolved in an eitreioely graduat 
manner, there cnn hardly be a doubt. The species and ovon the 
l^era of many large natural families are so closely allied tt^ether, 
that it ia difBeuU to distinguish not a few of them. On every con- 
tinent in proceeding from north to south, from lowland to upland. 
Ac, WB meet with a host of closely related or representative species ; 
as we lilicwiso do on certain distinct continents, which wo hare 
reason to belicvo wero formerly connected. But in making these 
and the ftillowing remarks, 1 am compelled to alliids to inbjecu 
hereafter to be discuiscd. Looh at the many outlying islands round 
a continent, and see how many of ihoir iohabitanta con be niaoil 
only to the rank of doubtful specita. Bo it is if wo look to pa*t 
times, and compare the species which hnro just passed sway with 
tboso still living within the same areas ; or if wo compsn the fcssil 
tpecies embedded in the snb-Eta^es of the same geological formal ion . 
U is indeed manifest that multitudes o( specio) are related ia tho 
closest manner to other species that still exist, ot have lately 
existed ; and it will hardly bo maintained that anch species haro 
been developed in an abropt or sudden manner. Nor sbottld it be 
Ibrgotton, when we look to the special parts of allied sfiecieB, iQ*l«*d 
of to distinct species, that numerous and wonderfully fine p*d»* 
lions can be traced, connecting together widely different strnetnm. 

Many hr^e groups of facts are intflligiblo only on the {ffineiplo 
that species havo been evolved by very small steps. Yot instono^ 
the fact that the species included in Ihe larger genera are more oleaety 
related to each other, and prosent a greater number of variMtM 
than do the sjicdes in iho smaller gonen. The former an also 
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gtuu))c<l in Uttio cltulcnt, liko varieties roimd tpccica; and Xhtj 

■ ptoEcnt otbcr analogic with varieties, as wa« ehown in our sccoud 
L chapter. On this Kama principle we can undeisland how it is that 

■ ■pcdfic cbancltaB ara more variable than generic cbarsdera; and 
vhow tba perts which are developed in an extraordinary degree 

TO more voiiabla than other parts of the Batne specicE. 
ii Jthnj analogous facts, all poioting in the aaiiio direction, could bu 
added. 

Altbongh Tcry maiiy species have almost ccrhuolj been pro- 
duced bj steps not greater than those separating fine varieties ; yd 
it maf bo maintained that some have been developed in a diflmnl 
and abrupt manner. Such an admission, howovcr, ought not to l>o 
mads viithcnit strong evidence being assigned, llio vngne and it< 
a respects folse ooalt^ies, as they have boea shown to be b? 
BIr. Chatmcey Wright, which have been advanced in favour tl this 
r, such as the sudden crystallisation of inorganic substances, or 
' Uw fsIUng of a facetted spheroid from one facet to another, banlly 
I dnerte consideration. One class of facM, however, namely, the 
I miildeo apjiearance of new and distinct forms of lifo in oitr geological 
I femutioiis siifpoits at first sight the belief in abrupt devclopmeDt. 
[. But ths value of this evidence depends cntiicly on the perfection uf 
the grologicol record, in relation lo periods remote in the history 
«t the world. If the record is as frnpncotary as many geolojiatK 
stiCDDOtuly assert, there is nolhin^ strange in new forma ojipcai- 
iu{; as if suddenly developed. 

Unless we admit IranalbrrantToos as prodigious as thoM advocated 
by Ur. Uivart, sncU as ths sudden development of tho wings o( 
I liinU t» baU, or iha sudden conversion of a Hipparion into a bone. 
I bardlr any light b thrown by the belief in abrupt modifications on 
1 Uie deGcieofy of oouDcctinf; links in out gcoli^cat formations. But 
■I the bcliof in such abrupt changes, embryology enters a strong 
il. It is notorious that the wings of birds and bats, andlho lo^s 
I «f horse* or other quadrupeds, are nudistin^ishablo at nn early cm- 
B pniod, and that they become diflcrcntinted by insensibly 
Embryological resemblances of all Itinds can be ac- 
Mintcd for, as wo shall hereafter see, by the progenitors of our 
TctiaUtis aprciw having varied after early youth, and having trans- 
mitted their newly acqoired characters to Ibcir offspring, at a 
coriMponiLng age. llie embryo is thus left almost unaffected, aud 
»tnt» OS a reCOTd of the put condition of tlie sjiocim. Henco it 

kit that exUting species during tho caily stages of their develop- 
wamA m> often rosemUfl ancient and extinct forms btlonging to tlia 
MBM cbM. On llils view of tlin mwnlnjt of rmhrjolojiirnl n^m* 
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blance), ami indeed oa >ny view, it is iacrcdiblo that su ""'r"! 
nhonld hSTB Dudor^ae such momeiitOD* tmd ■brupC tnnsforniB- 
tiotit, u those kboro indicated ; and jot siiotild not bear eTca * 
tnce in iu nnfafjoaic coodition of «&; nidden modifiatioa ; every 
detail ia its stnicture beins developed by ituennblj fine ctqM. 

Uc mho belieTca tluit soms ancient foim wu trsnafonned sud- 
denly tbToagh an intenud Torce or teodeDcy into, foi 
furnished with wings, will ba almost compelled to aasome, ii 
eitioQ to all analogy, that many individuals varied simultaneooj 
It cannot be denied that mcb abmpt and great chang«i of b 
tore are widely diSerent from those which most species s 
have imdergone. He nill further be compelled lo believa that 
maoj atnictiires beautifully adapted to all the other parts of tha 
same creature and to the snrroundin; conditions, hsTe been sud- 
denly ptodaced ; and of such complex and wonderful eo->dapta- 
tioQS, ho will not be able to o&sigii a shadow of an eiplaoation. 
He will be forced to admit that thfse great and sadden bansfor- 
mations have left no trace of their actfon on (he embryo. 7a 
admit all this is, as it seems (o me, (o cnUr into 
miracK *^ to leave those of SciettCC 
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lutl&ett oumjarulili »iLh habiti, but diOcrcut ia thfic origin — IuIIdcU 
gnduled — Aphidu aad aati — iDilincU variable — Domeitic io- 
■tlncti^ their oHgIa — Nitnral lattuicU of lbs cuckoo, molDlhrui, 
Htridi, ind funiilic iea — SliiTt-making ant* — Hive-hee, iti mU- 
tniking fuHuct — Chingva of inatiDCt sad ilructure not D^eeinrllj 
clnrolUDMiui — PUfienltiri of the tlirorf or the Nnlural Seleclioa vf 
iuLincti — tiauUr or ilirile iniecti — Sumnuirj. 

Uaki inttincia am bo wODderriil that their development vtiU pro- 
kibt)' appear to the reador a difliciilty siilGcicDl to uvertbrow my 
irliois theory. 1 may horo prcntis?, that I hnve nothing to do nitli 
tlio origin of tlia mcatol powers, any mors ihan I havo witb ibat of 
life itwlf. We Me ooncerool only with the divemttes of instinct 
and of the other mental faculties in aniniHlg of the sunie claas. 

I will not attempt any definition of instinct. It would be easy to 
iIkiw IbstievemldiEliDct mental actions are commonly embraced 
by tbii terra ; but every one understaaila wliat is momt, nben it is 
nid that instinct imiiels llio cuckoo to migrate and to lay her opgs 
in other bird*' nwls. An action, which wo ourseli"™ require exjie- 
lienM to enable ns to perform, when performed by an animal, icoro 
capecially by a very young one, without experience, and whea per- 
formed by maay iodividualB in the aome way, without tbeir knowing 
for wlutt ptirpoao it ia perronncd, i* usually anid to be instinctive. 
But I coul'l abow that none of these clmnclera are tmivGrsal, A 
litlla dose of Judgment or rcawn, na Pierre Hubcr eipreaaca it, often 
(DUMB into pUy, even with animals low in the scale of nature. 

f rederick Cuvicr and aureral of the older metaphysicians have 
oiiapared inatinct with liable This comporiaon gives, I tbink, an 
iccnnt« notion of tbe frame of mind under which an instinctive 
actkn i» perfomied, but not necessarily of ita origin. How vncon- 
•doady many habitaal actions are performed, indeed not lately in 
direct ofiposition to our conscious will! yet they may be modi- 

kStA byt^ will or reason. Uabita easily become associated with 
Btbet baUU, witli certain periodi of time, and atatea of the body 
Wfaan OBC« tciiiired, tli<ry often rcninin conntnnt throtigboct lifo 
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ScTfRil otha points of mcnililance bctirccn instincts uid katnU 
could be pointed out. As in repeating a nell-kuown aaog, go in 
iiutinctgjOQeiictioQ fol loirs another by a sort of rhytlun; if n jwim) 
bo intcmiptal la a song, or in ro|)oiitiD3 anytliiDg b; iot«, ho !•■ 
goDorally forced to go buck to Kcov«r thu habitual tnus of tboagb 
ISO P. Uubi?r found it wuffitb a citcrpillar, which makes iiTeiyeai 
^ilicated hammock ; for if ho took n cftlcrpillar which hid compleb 
its hammock up to, eaj, tlic sixth stage of construction, and puM 
into a hammock eomplotcd up only to the third Blaje, tho c( 
Himply re-pecformpd the fourth, Sfth, and sixth stigea of constntotid 
If, hotvovcc, B caterpillar were tnkcn out of a hammock mado M 
for InaLince, to tho third elage, and were put into one Cniahed tip ij 
tho sixth Btsgo, so that much of its woilc was already done for if 
far from deriving any benefit from this, it naa much embatn 
]iDd in order lo complete its hammock, seemed forced to s 
the third slsgc, irhcrc it hml left oE, and thus tried to com]>lata t] 
already finished work. 

If VG suppose any habitual action to liocomB itiltoited — and || 
L'atL be shown that this does sometimes happen — then tho n 
bianco between what originally was a habit and an instinct bl 
so close as not to bo disliDgaishc<1. If Moiart, Jnslend of playl 
the pianoforte at thrco years old with wonderfully little J 
had played a tuno with no pmctico at all, ho might truly lie ■ 
lo hava done so iustiactivcly. Sut it would be a i 
suppose thut llie grealcr numbfr of infilincts have been aoqaired ll 
habit in one generation, and then tranamitlod by JDheritniUM V 
suDooedins gcnorations. It can be clearly shown that tli« meat 
wonderful instincts with which wo aro aoqiminted, namely, thoso 
of tho hire-bee and of many auts, could not jiomhly harii hetii 
ootinircd by habit. 

It ivill bo tmiversally admitted that instincts are a» important * 
corporeal stnicturt'b tor the welfare of oach spteios, nndcr it 
conditions of life Under clianged conditions of life, it is 
possible that dight modiScations of instinct niigUt be profitaUcI 
-t species 1 and if it can be shoiva tliat instincts do tary ever € 
litllo, then I can sco no difficulty in natural selection [ 
and continually accumulating vatiutious of instinct to any uM 
that was profitable. It is thus, as I believe, that all the n 
complex and wonderful instincts have originated- As modiSoalic 
of corporeal struclnro nriso from, and are increased by, i 
and ara diminished or lost by disuse, so I do not doubt it lia* b 
with instincts, fiat I bciiove that the cflcot* of Latnt m in n 
caaes of snbordinatoimpirl^ncE lo the ellectsof thp futtnnl n 
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xA wlial ma}' ^ called rpontnooons variations oricslJDcU; — thnt 
ii of Tnriatiooa produced bj tlio same unknown eiitaM wbicb pro- 
diiCB slight deviations of bodily ntnicture. 

No complex instinct can possib!/ be prodnced thrangb naturnl 
sclKticn, except by the slow and graduAl acciiraulation of namerouH 
Blight, yet profitable, variations. Hence, as in the case cf corporcni 
•tructurei, «e ought to find in onliire, not the actual transitional 
grulatiaas by which eacU complon instinct has been acquired — for 
Ibraa could bo found only in the lineal ancestors of each Bpecics— ~ 
but we ought to find in the collateral lines of descent eome evidence 
of nicli gradations ; or wo ought nt least to be oblo to ehow Ihnt 
gnuiaUona of some kind are possible ; and this wo certainly can do. 
I bnve been larpriscd to Gnd, making allowance for the insiincts of 
animals having been but liUlo obser^'od exeopt in Europe nnd North 
America, and for no inslinct being known amongst extinct s;wci(.'s, 
how Toiy general! J gradations, lending to the most complex instincts, 
csn bo discovered. Changes of instinct may sometimes be facili'alcd 
by the some species having different Instincts nt different pcrioila 
of life, or at dilTerent seasons of the year, or when placed under 
'ditfannt dicamslaneea, drc ; in which case either the one or tlie 
pCbxt inatlnct might be preserved by nntntnl selection. And socli 
iostttice* of diversity of instinct in the same Ki>ecic3 cnn be Bhown 
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Agun, u in Ibc case of corporeal stmctwo, and conformalily fo 
my theory, the inslinct if each speciea is good for itself, bnt bus 
fir OS WB can judge, been produced for the exclusive good 
[•f othera. One of the strongest inatances of SO animal apparently 
foRniDj ma nctioa for the sole good of anoilier, with which I xni 
[imtBled, b thnt of aphides voluntarily yielding, as was fin,t 
" tj Ilubcr, ihcir sweet excretion to oats: timt they do eo 
raluatvily, the following facts sbmv. I removed all the nnta from 
a pmp of about a dozen aphides on a dock-plant, nud prevented 
tMf atlcodiuico dnriog several hours. After this fnlerval, I felt 
mm tlttt the aphides would want to excrete. I watched them for 
Kms thn* through a lens, but not ona excreted ; I then (iokli?d ntid 
■trakad lb«m with a hair in the same manner, as well as I cnnld, 
M ibo anta do with their antenna; bnt not one excretcil. Afler- 
wardi 1 allowed an ant to visit tbem, and it immediately sccmeil, 
by Its eager way of running aboot, to be well aware what a rich 
h^L 11 had diacovered ; it then began to play with H» antennie on 
l>^ abdoQien firit of one aphis and then of anothor ; and each, as 
non u it felt the nntonnv, immedinlely lifted Dp Its nbdomcn ond 
nrreted a limpid drop of nwcet Juice, which «-n« fa'?rrly tlcvottwd 
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by the ant Even tho qaite young aphides behaved in ibia maimer, 
showing that the action was instinctive, and not tha result of 
eiperience. It is cert^D, from the obiervatiaiu of Huber, that the 
iqifaides Ebon do dislike to tb« anta : if tlie latter be not prewnt 
ihcy are at last compelled to eject their excretion. Dot aa tha 
excretion ia citromeiy viscid, it ia no doubt ft convenicDco to tbe 
aphides to have it rcmared; tbereiore probably thcj do not excrete 
solely for the good of the auti. Although tbcra U no eridence that 
any animaL pcrfomis an action for the CTcluHivo good of another 
specioa, yet each trica lo take adraot&ge of the inslincU of otiicn, 
aa each takes advantage of the weaker bodily Btrnctnre of other 
species. So ^ain certain instincts cannot bo considerod »a ibto- 
lutely perfect ; but as details on this and other such points aro not 
indispensable, they may be here passed over. 

As some degree of variation in instincts nndcr a stale of nature, 
and the inheritance of such variations, nro indispcnubla for Iho 
action of nntontl selection, aa many instances as puadblo ought to 
be given ; but want of space prevents me. I can only UKrt that 
instincts certainly do vary — for instance, the migmt«ry instind, 
both in extent and direction, and in its total loss. So it is irith tlie 
nests of birds, which vary partly in dependence on the silnations 
chosen, and on the nature and t^mpcmtureof thecountiyinbabitod, 
but often from causes wholly unknown ^ us : Audubon has given 
Boverol remarknblo cases of differences in the nests of tha uttid 
species in the northern and southern United States. Why, It has 
licen asked, if instinct bo variable, has it not granted to the bee 
" the ability to use some other material when wax was dolicient " 't 
But what other UBtural material coutd bees use ? They will work, 
as I have seen, with wax hardened with vermilioa or aoficDci) 
with lard. Andrew Kni;<ht oViserved that his boca, instead «l 
luborioosly coUcctbg propolU, used a cement of was and ttupenline, 
a-ith which bo had covered decorticated ttoes. It hu lately been 
shown that boes, Instead of searching for pollen, will glodty nae m 
very different snbstance, namely oatmeaL Fear of any puticulai 
enemy is ocrtaiuly on instinctive quality, as may )m seen in oestUn^ 
birds, though it is stteugthened by espericocc, and by tho aigbt of 
fear of the same enemy in other animals. The fear of man is slonly 
acquired, as I have elxewhore shown, by tho rarimis animals triiirh 
inhabit desert islands; and we see an inst»nee of this even in 
England, in the greater wildness of all our la^ birds in comparison 
with oar small birds ; for the large Mrds bare been most persccutnl 
by man. We may safely Attribute the greater wildness of our 
W^ birds to this rante ; for in nninhabitcd Lilands largo binbi or* 
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not more fearfol than Email ; and the mn^io, go irarj in Knglan'!, 
is tame io Norway, as is the hooded crow in Egyjit. 

lliat the mim 'rJl qualilica of animals of the Bamo kind, bam id n 
itU« of n>tar«, vary much, could be ahowa by many fact*. Several 
eoici could also be adduced of occasiooal and strange habits iu 
wild aniniala, wltii:h, if advantageous to the ipeciesi, might have 
giTen rise, throDgh natural selection, to new instincts. 13ut I Btn 
w«ll ftwara tiMt these general Etalemente, witbont the facts in 
detail. Hill produce but a feeble eflect on the reader's mind. I 
can only repeat my oasumnci', th.tt I do not s|icak without good 
^ evidmcc 

H la^ierittd t'lmiiijn <ij Jhlil or Initincl iit DomttlicaCid 

^1 Animah. 

^1 IIm poaibility, or even probability, of inherited variations of 

^M iastioct in a state of nature will be streugtbGncd by briefly conaidcr- 

^M ing R (ev cues under domestication. We shall thus be enabled to 

^L me the {mt which habit and the solcctioa of so-called Epontanuous 

^^kvatiationa have played in modifying the mental qualities of our 

^^ftdomcatic animals. It is notorious how nitich domestic animals vary 

^^faa thdr mental qualities. With cats, fur instance, one caturally 

^^B Iftkoi to catching rats, and another mice, and these tendencies are 

^^ Itnown U) be inherited. One cat, according to Mr. St. John, aiwnys 

broogbt home pime-l>irds, another hares or rabbits, and another 

him(«d on mnrsby grooad and almost nightly caught woodcocks or 

siiipsa. A number of curious and authentic instances could be 

Kiven of mrioUB niiitdeB of disposition uid of tssta, and likewiiie of 

til* oddest tricks, associated nith certain frames of mind or periods 

of time, being iuherilod. But let us look to the familiar case of 

tba brevdi of the dog : it cannot be doubted that young pointers 1 1 

hATS nyneU teen B striking instance) will sometimes point andovcii 

bKk othot dogs the very first time that they are taken out 1 

raUkvlag la certainly in some degree inherited by retrievers ; and a 

tmi/toay to run round, matcad of at, a fiock of sheep, by bhcphnnl- 

dogll 1 oannot soo Uiat these actions, performed without e:iperienco 

by the young, and iu nearly the eamu manner by each individual. 

foiaaanA wiLh eogi^r delight by e>u:h breed, and without the cud 

M^ known— for the young pointer con no more know that ha 

poikti to aid his muster, than the white hutter&y knows why Bbo 

}af» Iwr tf^ Du Llii leaf of the cabbage— I cannot see that theso 

•etiSM differ tMentially from true instlnclo. If we were to behold 

«M kijtd of wolf, whca young and without any training, as soon as 

f, stand mutiuiiless lik« a stuluts and Ihon slowly 
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crnirl fonvnrd with a f cculinr gnit ; and anollier kind of noU 
nishiiig round, instead of at, a herd of deer, and driving tbem to & 
dtsUiit point, tve chould assuredly call these action* iiutinctirt. 
Uorocstio inBtinctJi, as ihcj may be called, are w;rt«nly far IcH 
lixed than natcr&l instincts ; but they have b««ii acted on bj br 
less ligorouB selection, and havo been transmitted for an incotnpitr- 
Mbly ahortcr period, under leas flied conditions of life. 

}Iow strongly these domestic instiacts, liabits, and disjiomtioiM 
iiru inherited, and how curiously they become minglod, ia well 
Rlio^rn when diOecent breeds of dogs are crossed. Thm it U known 
tliat n cross with a bull-dog has ^ectcd Tor many generation* tb» 
courage and obstinacy of grcybonnds ; and a cross with a gttyhoun&i 
Uns ^TCD to a whole family of shcpherd-dt^ a tendency to hua^^ 
hares. Those domestic instiucdi, when thus tflsled by 
resemble natural instincts, nhioJi in a like maimer beeom* 
blended together, iind for a long period exhibit trace! of the inttinc 
of cither parent : for example, Lo Hoy describe* a dog, whcee greal 
grandfather was a wolf, and this dcg showed a trace of it< wi' 
[larentagc only in one way, by not coming in a stnught lino to h! 
master, when called. 

Domeatio instincts are somelimps spoken of na actioat whkb 
Iinvo become inherited solely fiom long-continued and compnlsory 
habit ; but this is not true. Ko one would ever have tbon^lil of 
teaching, or probably could have taught, the tnmbler-ingKHi lo 
tumble,— an action which, ns 1 have witnessed, is performed ly 
young birds, that haTe never seen a irigron tumble. We 
bclioTo that Bome one pigeon showed a slight tendency to 
Ktrange habit, and that the long-DOutinoed sclectioii uf the 
individnals in sueoessivc gcnarations made tumblers what they noi 
ore ; and near Glasgow there are honse-tumblers, m I hear fitn 
]\tr. Brent, which cannot fiy eighteen inches high without going") 
lioad over heels. It inay be doubted whether any one would havfl 
thaught of training a dog to point, bad not some one dog natnrall] 
shown a tendency in this lice ; and this is known occamonally to' 
luvppen, as I once caw, in a pure ii^rrier : the lot of pointing is |m- 
bably, as many have thought, only the exaggerated fauM of ."vn 
aiiimal preparing to spring on its prey. When the first tendency 
to point was once displayed, methodical selection and the inherited 
offecta of compulsory training in each successive generation wooH 
soon complete the work ; and unconscious selection is atill in 
lin^re8«,aa each man trie* to procnrc, without inUndiag to Impror* 
ihe breed, dogs which stand and hnnt best. On the other hand, 
habit alone in some caws has snfliced ; hardly nny nnimnl b ECOrt 
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difficult to totno than the young of tbe wild rabbit ; scnrcely dnj 
nnimal ii Xxmat than the young of iba tame rabbit; but I cnn 
liardir suppose tbnt domestic rabbits Imvs ofton been Belectcd for 
tnmeiiaM alone; to that ne must attributo at lenst the gicatcr pnrt 
of the inherited change from extrcnie wildocss to extrcmo tnuic- 
ucn, to habit and long-continued close cooSnemaDt. 

Katnral iostincta are lost under domestication: a remarkable 
initaoce of tbia is seen in those breeds of fowls which verj laivly 
or neyer become " broody," that ia, never wish to ait on their e^s. 
Familiarity aloae prcventa our seeing how largely and how pcnna- 
nentlj' the minda of our domcatie animals have been modified. It 
is scarcely poasible to doubt that the love of man hna become 
inabncUTe in the do^. All waives, foxes, jackals, and species of 
the cat gennx, when kept tame, are moat eager to attack poultry, 
■heep, and pigs; and tbie tendency baa been found incurable in 
dogs which have been brought home as puppies from countries luch 
M Tisrra del Fnego and Australia, where the navogea do not keep 
thcM domeitie onimalB. Uow rarely, on the other band, do our 
civilised do^, even when quite young, require to be taught not to 
attack poultry, sheep, and pigs! No doubt Ihey occasionally do 
tnako an attack, and are then beaten ; and if not cured, they are 
destroyed; to that habit and itomo degree of selection have pro- 
btUy concnned in civilising by inherilance onr dogi. On tliv 
Other band, young chickens have lost, wholly by habit, that fe.ir of 
the dog uid cat which no doubt was originally inatinctive in theiu ; 
for I un infonned by Captain Uiitton that the young chickens of 
tb« pare&t-aMck, the Gallim bonkiva, when reared in India under a 
hen, an at first excessively wild. &> it is with yoimg pheaunts 
reared in Gnghtnd under a hen. It is not that chickens bave lost 
all Imt, but fear only of doga and cats, for if the hen gives \\i 
danger«hackle, they will run (more especially young turkeyB)frani 
under her, and conceal Ihemsolvea in tbe Eunoundtng grass or 
thickets i and tbia ii evidently dons Ibr the inatinctive purpose of 
allowing, ai we see in wild grouud-birda, their mother to fly awny. 
llut this instinct retained by oar chickens hna become useless undur 
doncatication, for the mother-ben has almost lost by disuse tlia 
power of fiighL 

H» ff<<«^ va may conclude, that under domeatication inatiucla have 
Wu acquired, and oetursl instincts have been loet, partly by habit, 
ud partly by man selecting and accumutating, during successive 
BKMtatioDa^ peculiar ncutnl babile and actions, which at firnt 
■fI4«cd bom what we must in oui ignorance call an accident. In 
con'pulaory habit alone hna lUiBced to produce inhe- 
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ritcd mcntail cbaoges; in otbcr cases compulsory habit hu doM 
notliin^ find all has been the rcsnlt of selection, pttrencd both 
methodically and unconsciou^ly ; bu' " 
suli'ctioQ ha»e probably concurred. 
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Special Initiaett. 

We ahull, purhapa, best Qndcratimd how 
nature have twconic modified by selection, by considering « f<: 
cases. 1 ivill select only three, — namely, the instinct \<hkh lead* 
the cuckoo to lay her eggs in other birds' aatis ; tho slare-makins 
instinct of ceriain oatB; and the ccU-making powct of (h« 
hire-bee. These two latter infttlncta have generally and justly 
lieoD ranked by naturalists as thu most wonderful of all known 
instincts. 

Inttiatti 1/ the Cuckoo, — It is Bnp]i08ed by some nsloislist* t]»t 
tho mora immediate cause of the instinct of the cuckoo is, that oLe 
Iflya her eggs, not daily, but at inlomils of two or three dkyi ; p> 
that, if ahe were to make her own nest and sit on ber own i^gi, 
tliDse first laid would have to be left for some time tmincnboted, or 
tlinre would be eggs and young birds of different ages in the same 
nest. If tills vera the case, tho process of laying and hatchiog 
might be inconrcniently long, more especially as she migntes at a 
Tcry early period ; and the first hatched young wonid probably 
have to be fed by Iho male alone. But the American cuckw is in 
this predicament ; for she makes her own nest, and has eggs and 
young successively hatched, all at the same tioic^ U has been both 
asserted and denied that the American cuckoo occasiooaKy lays her 
o^gs in other birds' nests ; but 1 liave lately beard bam Dr. UerreU, 
of Iowa, that lie once found in Illinois a young cuckoo Idgetlier 
with a young jay iu the nest of a lilue jay (Gamins edstalns); 
and as both wore nearly fully feathoml, there could be no niistaks 
in their identlGcatioo. I could ako give aeveial instaacca et variotu 
birds which have been knoiva occa«onally to lay their eggt in other 
birds' nests. Now let us suppose that (he aocient pn^eniloc of out 
European cuckoo had tho habits of the American cnchoov »>^ tlutt 
nhe occasionally laid an egg in another bird's nest. If Iha old Incd 
jirolited by this occasional habit through being enabled to migrata 
earlier or through an; other caute ; oc if tho young were made more 
ti^orou* by advantage being takei of Iho mistaken instinct of 
nuother species than when reared by their own molhn, ocnio* 
Demd as she could hardly fail to be by hsving <^s and young cf 
different ages at the same time i then the old birds u the foaictoA 
jiaa^ would gain an advantage. And analogy n-otild lead 
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bwliero, ihul tho young Urns rmred would bo apt to foliow hy inlic- 
rilonce the occason&l and aibemmC habit of their mothur, and in 
llicir turn vrould be apt to lay their cg;;s in other btrda* nests, aod 
thiiB be mom succeisful in rcnring tbeir yoiiog. By a continued 
proMW (^ thia nature, I believe that tbo strange instinct of our 
cockoo has been generated. It has, also, recently been BEcertaincil 
on BufficieDt evidence, by Adolf MUUer, that tho cucboo occasionally 
Inya her eggi on the bore ground, sita on tlicm, and feeds her young. 
'i'his rare event ia probably a case of reversion to the loug-loal, 
nboHginal instinct of nidificntlon. 

It has been objected that 1 have not noticed other related instincts 
and adaptations of atruotuie in the ctickoo, which are tpoken of as 
iieocaaanlycoorditialed. But io alt cases, spvculation on an instinct 
known to nt only in a single aiiedes, is useless, for we Lava hitherto 
bad no bds to goido aa. Until recently the insUnctj of the Euro- 
pean and of the non-parasitiD AmericAn cuckoo atone were known ; 
now, owing to Ur. Ratnaay's observations, wc huTC Icnmt sometliittg 
about three Australian species, which lay their egga in other lurds' 
nestf. The chief pointa to bo toferrcd to aro three : Gist, Ibat tba 
common cuckoo, with rnro excoptiona, bys only one ogg in a nest, 
M that tho lar^ and voracious young bi^l rcceitea ample food. 
ZJcoDodly, that the e^ss are remarkably small, not eiceeding tliose 
of Um akyhirk, — a bird about one-fourth as krge as the cuckoo. 
'Jliai tha small aise of the eg; is a real case of adaptation we may 
iuf«r ttton the fact of tha noQ-parositic American cuckoo Inyinc 
full^Iiod egs*- Thirdly, that the young cuckoo, soon after birth, 
haa Um inatiDct, tlio itrength, and a properly shaped back for 
vjccUnglCi foat«i-hrothci^ wliich then pcri»h from cold and hunger. 
'Ilua kn bean boldly Otliod a beneticcnt arrangement, in ordrr Ibat 
the 3mif>geaal(oo may get sufficient food, and that ita foatcr-brotbers 
may panah before tbry bod acquired mtich feeling I 

ToniDg rtow to the Australian spcciea ; though these birds gene- 
rally lay only one egg in a nest, it is not rare to find two and even 
thrr« egilia ill the same nest. In the Bronao ctickoo the egr;* vary 
jrtratly m aiw, from eight to ten lines in len^lh. Now if it had 
Kin of an advantage to Ibis species to have laid egga even smaller 
tiian tboao now laid, so ns to liavo deceived certain foster-parents, 
or. as is mura iirobable,to have been hatched within a sh<irlcr prriod 
(for it ia aastrtcil that there is a relation between the ai^e of oggs 
•ad lb* r"tlod of their incubation), then tliero is no difficulty in 
lollavtog that a race ot species might have been formed which 
would bavft laid smaller and amallef «'gK» ; for these would have 
heen tnors mfvly liaEched and norcil. Mr. Ilansay rcmarki that 
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two of the Auatndiaii cuckoos, when they lay ibclr eggs in an opm 
nest, manifeat a deciilod preferunca for mxts conbuoing eggs siiiuLir 
in colour to Uieir own. Ths European speciei apiwreiitly mauitat* 
•ome tendeticy towards a GimiUr inslioct, but not rarely depft 
irom it, aa is Hhown by her laying her dull snd pale-ooloiued a, 
in the neat of the Hedge-watblcr with bright grecimh- blue cggt. ' 
our (nickoa invariably displayed the above instinct, it would a 
tedly have been added to thoao which it ia aaauincd must all li 
been acquired loseLher. The eggs of Ihc Aostralian Bronze o 
vary, according to Mr. RaniGay, to an extraordinary dcgrre in c< 
ao that in this respect, as well as in aice, natural selection nii^ 
have secured and Qxed noy udrantagcouB varration. 

In the case o( the European cuckoo, tho oflspring of Iho foitct- 
parenta are cotnmonly ejected from Ihc nest withli. '.hrM daj's ai'liT 
the ouckoo is hatched ; and as the latter at this Age ii in a most 
hclpleas condition, Hr. Gould nas formerly inclined to btlieve ibat 
Ibe act of ejection WBH performed by the foslcr-poreol* themaelTcs. 
Hut be has now recnved »■ trustworthy aocoant of a yoong cuckoo 
Kbich was actually seen, whilst still blind and not able eTGn lo 
liulJ up its own bead, in the act of ejecting its foster-brotheiB. One 
of these wai replaced in the nest by the observer, and wu a^in 



by which this (tnui::e and 
e of great importance for lb« 
, lo receive as moeh food 
■pcciol difBculty in it* hai 

iwncntiotu, the blind ' 

for the work of ejecti 



tbroivn oat. With respect to tl; 
odioui instinoL was acquired, if 
young cuckoo, as is probably ll 
lN>ssilile soon after Urth, I can si 
gradually acquired, during 
the strength, and st^uctu^ 

those youDg cuckoos which had such habits and stmcture best Ai 
loped would be tbe most sanirely reared. The Grst step ton'atds 
tho acquisition of the proper instinct might have been tncre unin- 
tentional restlessness on the port of the young bird, when somewhat 
advanced in a^ and strength; tbe habit hating been aftcrwardd 
improved, and transmitted lo an earlier ago. I can see no puuo 
<liQicut(y in this, than in tbe unbatched young of other bird* ac- 
quiring the instinct to break through their own shells ; — or than in 
young snakes acquiring in their upper jawi, as Owen has remarked, 
a transitory aharp tooth for cutting through the tough eggshell. 
For if each part is liable to individual variations at all ages^ and tlia 
variations tend lo be inherited at a corrtaponding w earlier age, — 
propositions which cannot be disputed, — then the instictta and 
atiucture of the young could bo slowly modi Qcd as surely as thoMif 
Ibo adult; and both cases must stand or fall ti'gelbcrwilh tin ■blJi 
theory of natural sdectic 
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Some species of Molothnu, a iridely disiinct genus of Araerioiri 
birtU, tUied to our starlbgs, have |«r««itic bnbits like those of tlio 
cuckoo ; and the species jireaent an itttoresting gradation in the per- 
fection of their iniliticta. The sexes of Molothnis bodius are staled 
by All eiccUent observer, Mr. Hudson, soniBliaies to live promid- 
caouslr together in flocks, and Bomellmes lo pair. They either 
build a not of theic onn, or seizo on ono belonging to some ether 
bird, occosiotially throwing out the nestlings of the stranger. Thpy 
either Uy their egga in the neat ihns ftpptopriated, or oddly enongli 
builii one for thcmselrea oa the top of it They usually sit ott 
tlieir own cgga and rear their own young; but Mr. Hudson siys 
it is probable that they are occasionally purasitie, for he has seen 
iho young of this species following old birds of a distinct kind 
«iid chunouting to be fed by them. The parasitic babita of an^tliiT 
species of Molothrus, the M. bonnricnsia, are much more highly 
developed limn those uf the last, but are still lar from perfect. 
This bird, as far as it is tnown, invariably lays its eggs in the 
nrati of strangeis ; but it is remarkable that several together 
BOmetimes commence to build ao irregular UDtidy nest of their 
Dvn, placed in singularly ill-adapted situations, as on the leitvcq 
of a la^ thistle. They never, however, as far aa Mr. Hudson 
liu Hoerlained, complete a nest for themselves. 1'hey often lay 
•> many ^gs — from fifteen to twenty — in the aime foater-neal, 
that few or none can possibly bo batched. They have, moreover, 
Ifaa nltaordinarjr babit of pecking holes in the eggs, whether cf 
thoir omi species or of their fosior-xiareQts, which they find in the 
apffopiialed ocsts. They drop also many eggs on the bare grouod, 
which are thus vrasled. A third species, the M. pecoris of North 
has aoquirod instincts as perfect as thaso of the cuckoo, 
fur it n«var lays more Ihnn one egg in a foaler-nest, so that the 
yoang bird is securoly reared. Mr. Hudson it tt strong disbeliever 
hi •volution, but he aptioars to have been so much strock by the 
bnperfeol instincts of the Molothrus booarienais that he qnotci iny 
vrudt, ttOtX asks, " Must v/e consider tbeso bnbits, not as especially 
tuidowod or created instiucts, but as uunll consequences of one 
gcnonl liiw, namely, transition?" 

VarioiiB birds, as has already Iicpn remarked, oceaaionnlly lay 
Iheir «eg« in tbo ncati of other birds. Tliis habit is not very 
tmooiunoi) with th« Qallinnceio, and throws some light on the 
rioftnlar instinct of the oslrieh- In this family several hen-birds 
unite and Uy llrat ft few eggs in one nest and then in another; and 
'* haiehed by the males. 'Hiis instii'.ct mny probably Iw 

for by tho (net of llio bnns tnying n largo tiumWr "f eggi, 
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but, as with tha cuckoo, nt intervdls of two or Uiroe days. Thf 
instiDCt, bowever, of the Americaii ostrich, as in tlie case of the Uol- 
othrus bonariensia, has cot na ;et been perfected ; for a nirpriiirig 
number of egga lie strcvced over the plains, ao that in ons daj'i 
limiting I picked up no lees than twenty lost and wasted ^gs. 

Many bees ora paiasitic, and regnlarlj lay their egg* in the neats 
of other kinda of bcca. This cose is more remarkable than that oi 
ihociichoo; for thene bcea have not only hod their inatincta biu 
ilieir structure modified in accordance with theic porasilJc haUti ; 
for (hoy do not posses the polloa-collecting apparatna which woulU 
have been indispensable if tliey bad atored up food for Iheir own 
young. Soma ("peciea of Sphegidm (wasp-iike insocta) are likewise 
parasitic ; and H. Fobre has lately shown good reason for beliering 
that, although the Tachytea nigra generally makes its own burrow 
and Btorea it with laralysed prey for ila own larva, yet that, when 
this insect finds a burrow already made and slorvd by another 
s[AeK, it takes advantuga of the prize, and becomes (or the oocaaion 
parasitic. In this case, as with that of the Molothnu or cuckoo, I 
can ace no difEculiy in natural solection makiog an oocaaiosnl 
permanenl, if of advantage to tbe species, and if the insect 
nest and stored food are folociously approj^ted, be not thus 
minntod. 

fjlavt-making initinct. — This remarkable instinct 
covered in the Formiea (Polyergcs) rofcscens by Pierre Huber, 
better observer even than his oolebtatod &ther. This ant is abao- 
lntoly dependent on its slaves ; withoat their aid, the epccics would 
certainly become extinct in a single year, llie males tuid fertile 
fomates do no work of any kind, and the workera or sterile females, 
':hongh most energetic and courageous in capturing ilaves, do no 
other work. They are incnpoble of makicg tbetr own nests, or of 
feeding thdr own lorvro. When the old neEt if found inconvenicoi, 
and they have to migrate, it is the alaret which determine the 
migration, and actually carry their masters in tbdr jaws, 60 utterly 
helpless are the masters, that when Iluber sbat Dp thirty of tbem 
without a Blare, but with plenty of the food which thoy like best. 
and with their own larva} and pupie to stimulate them to work, Ihry 
did nothing; tbeycouldnotevEnfced themselves, and many perished 
of hunger, llubor then introduced a single slave (F. fusca). and alis 
iustanUy set to work, fed and caved the survivora ; made some cells 
nnd londod the larvat, and put all to rights. What can bo more cxtra- 
ordiaary than these well-ascertained facts? If we had not known of 
any other slave-making ant, it would have been hopeless toi 
lioiv fo wonderful nn iiistinot could have l*cn perfected. 
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AnMber apcciei, Formicai sangninea, was likewise fint discovered 

bf P. Huber to be A slavo-inaking act. litis ipeciei is found in 

tbo Goutbern jnrU of England, and iu hnbiti have been attended 

te hy Mr. F. Smith, of Iha British llusouro, to wboai 1 am much 

indobtod for inrormation on this end otlier aubjects. Although 

fiiU; trusting to tbn statements of Huber and Mr. Smith, 1 tried to 

tpproach the subject in a sceptical frame of mind, as any one may 

wsll be eicUBed for doubting the cliBtcnce of so eitraoidinary an 

instinot as that of mailing slnTes. Uunce, I will give the observa- 

tkins whicb I mode, in some little detail I opened fourteen nests 

tiV. languinea, and found a fen slaves in nil. Uaica and fertile 

of the sUvo species (F. fusca) are found only in their own 

pioper oommunities, and have never been observed in the nests of 

F. aat^Qiiie*. The slavea are bhick and not above half the sizu 

of their red mastaTB, so that tlte contrast in their appearance is 

eaU When the nest is slightly disturbed, the bIavcs occasionally 

me out, and like their masters are much agitated and defead the 

■L: wboD the nost is much disturbed, and the larvn and pupn' 

a exposed, the slaves work encrgcticAlly together with their 

ut«rt in canying them airny to a place of safety. Hence, it n 

lar, that the slaves feel quite at homo. During the montha of 

ia« and Jnljr, on three EUcceaaive yearn, I watched for many hours 

rcTkl ncsta in Surrey and Sussiri, and never saw a alavo either 

iva or enter a nost. As, during those months, the slaves ore very 

w ia nnmbcT, I thought that tboy might behave differently when 

Mt) nnmerouB ; but llr. Smith informs mo that he boa watched 

e netta at various hours during May, Jnnc, and August, both in 

[rrnj anil Uompahira, and has never seen the slaves, though 

it in targo nuniben in August, either leave or enter the nest. 

!once be considers them as strictly household slaves. The nuisters, 

die other hand, may bo constantly eeen brin^iug in materials fur 

I neat, and food of all kinds. During the year 18C0, however, 

th« month of July, 1 come across a community with an tmusually 

atock of slaves, and I observed a few slaves mingled with 

tirnutten leaving the nest, and marching aloug the same ruul 

% tall ficotch-fir-trce, twenty-Qva yards distant, which they 

Modod bother, probably in search of aphidra or cocci. According 

nnUSiWho had ample opportonities for oliservatioti, the slaves 

SwItMrlaml habitually work with their masters in making tlic 

at, and they aloois open and close the doora in the morning and 

•ning; and, as Huber expressly at«lea, tlicir principal office is 

|a MuOi Ibr aphideai. Iliis dilfcrenco in the usual habtU of the 

Bucten and sUvcn in the two counlrie?, probably depends meralj 
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oa tbo abvcs being captured in greater numbcra in Switz»iuid 
than in England. 

One day I (ortttnately witnessed a migration ofF. Bangiiinwt from 
one neit to another, and it niu n inont intcreiting spectaola to 
behold tbo maatera cvefully carrying their aUvcs in their i«wi 
instead of boing carried by them, as in the cue of F. rufesceiu. 
Another day my attcntioa woa struck by about a score of the aiavc- 
luakcrB haunting tlie sarao spot, and evidently not in acareh of 
food ; tboy apfffoacbed and were vigorouslj repulsed by «i inde- 
pendent coaiDiunit^ of iho Blave-Bpecies (F. fusca); Kaneliroea as 
many as three of these anlBcliogiDg to the legs of the aUTe-making 
V. aanguinea. 'We btU'r ruthleasly killed their small opponents, 
and cotriod their dead bodies as food to their nest, twenty-aiDe yardi 
distant 1 but they were prevented from getting anyptipB to ror 
US slaves. 1 then dug up a small parcel of the popn of F. fnsci 
from another nest, and put them down on a hare spot near llio 
place of combat ; they were engcrly pelted and carried off by tlte 
tyrants, who perhaps tmcicd tlial, after all, tbey hod been ricloiiou* 
in their late combaL 

At the Earns time I laid on the s-ime place a small parcel of the 
pupx of another spccUa, F. ilava, with n few of theao little yslloir 
anta still clinging to the fn^;nieuts of tlioir nest. Thii specira ia 
sometimes, though rarely, made into staves, as bu he«n deacribed 
by Mr. Smith. Although so small a species, it Is very ooaiageons, 
and I have seen it ferociously attack other ants. In one instanca 
I found to my surprise an independent commnnjly of F. AB<ni 
under a stone beneath a nest of the slave-Diak-ing V. nnnpiinf j 
and uhen I had acddcnlally disturbed both Bests, the little ants 
attacked tbcir big neighbours with luiprislng conrage. Now I was 
curious to aaconain whether F. eanguineo could djstinguiah lbs 
pupn of F. fuBco, which they habitually mate into tUves, from 
those of the little and furious F. fluva, which they rarely capture, 
and it was evident that they did at once dislingnish them ; for 
vohave seen that they eagerly and inilantly sciied the pupa: of 
P. fusca, whereas tbey weiie much terrified when they conie a 
the pupiD, or oven tlie earth from the nest, of F. flara, and q 
lan away ; but in about a quarter of an hour, shortly after a 
little yellow ants Lad crawled sway, Ihcy took heart utd o 
off the pupfc 

One evcaing I viBitod aootlier community of F. mngnibos, H 
fouud a number of these anis letRrning home 
noiti, carrying the daail bodies of F. fusca (showii^ that It ir 
■ migration) and nunicroiis pujvp. I traced a long Hlo of a 
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bnrtheoMl with boot^, for about foctf jaxAs back, to a vsr; thick 
clump of hcsth, whence I saw tho last individual of F. WDguinea 
cmeive, csinying a pupa; but I wa* not ftbb to find tho dfisolalcd 
nest ia the thick beath. Tlio nest, liovuver, muat hnvo been close 
at hand, lot two or three individnala cf F. fusca were ruihlng ibuuC 
in the grateat agiution, and one wns perched moticmleu with lis 
own papai in ita mouth on tbs top of a Bpray of heath, an imagu 
o( diH^t over \\b ranged homo. 

Ihieh an the beta, though they did not need omfinnntioa by me, 
in refftfd to tbs wondetful in&tinct or making slaves. Let it bu 
abaarvBd what a contrast Ihe instinciive habits of F. saugiiinea 
ptcaent with those of the conlbcatal F. rurcsccDs. I'ha latter does 
not build ita own neat, does not determine ita ovm migrations, doo* 
Dot ooUect food for itaclf orita young, and cannot even feed itself: 
it ia absolutely dependent on its numerous slaves. Formica sod- 
guinea, on the other band, posecsaes much fewer slaves, and in the 
••rly port of the snmmer extremely few : tbs masters detrrmioB 
wbaa and where a new nest sbnll be formed, and when they 
migrate, the masters cany the slaves. Both in SwitEcrland and 
Kngland tha alavea seem to have the exclusive care of tho larvie, 
atul the masters alone go on slave-making expeditions. In f!witMr- 
iand the alaves and masters work together, making and bringing 
nutcnai* for the nest; both, but chioily tho slaves, tend, and 
nuUt, aa it may be called, tbeir aphides ; and thus both collect 
toiA far the annmunily. In England the mtistors alone usually 
. to collect building materials and food for themselves, 
V alavaa and larvca. So that the masters in this country receive 
« service from their slaves than thoy do in Switzerland. 
y lly what steps the instinct of F. sanguiuea ori^nated I will not 
Vtend to cooJecCuro, But aii ants, which arc not slave-maker* 
u I have teen, cany off the pnpio of other species, if scattered 
t Ihsir scab, it ia puaublo thnt sncb pupa originally stored u 
d mi|(hl tisiuma developed ; and the foreign ants thus untoten- 
Ally rtvred would then fallow their proper instincts, and do what 
\ they conld. if their presence proved useful U) the species 
'. luul aeizud them — if it were more sdvantagi'oDs to this 
i to Capture workers than to procreate tlicm — the habit of 
iog pnpn, originally for food, might by natural selection be 
enslhenod and rendered permanent for tho very differant purpose 
*t aiafn^ alavea. Wlieu tlie instinct wot once Required, if carried 
<Mt to a much less extent even than in our Ilritish F. Mnguinea, 
which, aa wa have seen, is less sided by it* slaves than the same 

tSwitxerland, natural svloclinn might increase and modify 
L ^ 
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tha instinot — altcayi supposing «iich modific»UoD b> be of nn to Uie 

■pede* — until uu &iit viaa formed as abjoctly dependent od ill 
slkvet M is thu Formica mfesccns. 

Cell-making inditicl 0/ Die Hioe-B«. — I will not here aoter on 
minuta dot&ilB oa this subject, bat will merely give ui outline of 
the conclusioDS at which I have arrived. Be must ba a doll miui 
who can examine the exquisite sttuctum of a comb, to beaDtifully 
adapted to its end, without enthusiastic Kdmirotion. We heat fnan 
mathematicians that bees have practically solved n recondite po 
blem, and have mode theii celU of the proper shape to hold the 
greatest possible amount of honey, with the least poniUe con- 
sumption of precious wax in their constmctioo. It hoi been re- 
marked that a skilful workman with fitting tools and meanmo, 
would find it vor; diOicuU to make cells of wax of the tme form, 
though this is eSected by a crowd of bees working ia ■ iLirk hira 
Granting whatever instincts you please, it eeams et first quite 
inconceivable how they can make all the neceoMry aoglei and 
planes, or even perceive when they ars conectiy nude. But the 
diEGculty is not nearly so great ns Lt at firat appean : all this 
beautiful work can bo shou-u, 1 think, to follow from a few (iinple 



I was led to iuvestigate this subject by Mr. WaterhnoB^ who hai 
shown that tlie form of the cell Elands in cli»e rclatkm to the 
presence of adjoining ceUs; and the following view may, peihapc, 
bo considered only as a modification of his i^eorj. Let oa look 
to the ^eat principle of eradation, and see whether Uatara doe* 
not reveal to us her method of work. At one end of a abort seda 
we have huniblC'bees, which use their old cocoons to liold honev, 
sometimes adding to them short tubes of wax, and hkewise nukipg 
separate and very irreguhir iDUndod cells of wax. At the other end 
of the scries we have the cells of the hive-bee, placed ia a deoble 
layer: each cell, as is well known, ia on haxsgooal prism, willi 
the basal edges of its six sides bevelled 10 as to join an intrertAl 
pyramid, of three rhombs. These rhombs have certain angles, and 
the three which form the pyramidal hose of a single e«U on one 
side of the comb enter into the compodtioo of the bases of thnv 
adjoining cells on the oppoaite side. In the series belween the 
extreme perfection of the cells of the hive-bee and the idmplx^ity 
of those of the hnmble-bee we hare the cells of the Ueticaa 
Heliponadomesticft. carefully described and figured by KerteUuber. 
The Melipooa itself ia intcrmediale in stmcture lietwe«n the htvo 
and bumble bee, but more nearly related to the latter; it lurava 
Itearly regular waion comb of rylinrlricnl cells, in which the yi 
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■re hilcbed, itnJ, in additioa, toiae large cells of wax for holdiog 
honey, lliese latter cells arc nearly spherical and of cenrly eqanl 
tizes, and Bro aggregated into an irregular mass. Bnt Uie im- 
portant poliit to notica w, that these colls are always made at that 
degree of neatness to each other that they would have intersected 

broken into each other if the spheres hud been completed; but 

is is oevrr permitted, the bees building perfectly flat walls of wax 
Iwtween tho spheres which thus tend lo intersect. Hence, each ceU 
coMists of an outer spherical portion, and of two, three, or mora flat 
■urbeea, according as the cell adjoins two, throe, or mere other 
cclk. When one cell rests on three other cells, which, from the 
■pberat beiog nearly of the same size, is very frequently and neces- 
Mrilytha case, the thrM flat surfaces are united into a pyramid; 
Mid this pyramid, as Huber has remarked, is manifestly a gross imi- 
tation of the three-sided pyramidal biiEe of the cell of the hive-bee. 
Ai in the cells of the hiYO-boo, so here, the three plane surlicea in 
•ny one cell necGssarily enter into the construction of three adjoin- 
ing crfla. It is obvious that the Melipooa saves wax, and what 
is xaoK important, labour, by this manner of building ; for the flat 
wails between the adjoining cells ara not double, but are of Iha 
Kune thickness as the outer spherical portions, and yet each Dat 
portioD forms a ])art of two cells. 

B«l]eeting on this case, it occurred to mo that if the Meliponn 
had made its spheres at some given dislnnce from each other, and 
bad made them of equal sizesand had arranged Ihcm synimetrically 
in a double layer, the resulting structure would have been as per- 
fect at the comb of the hire-bee. Accordingly I wrote to FrofeEsor 
Miller, of Cambridge, and this gcoraBter has kindly read over tho 
(blUnriiig ttalemonl, drawn up from his informallon, and tells mn 
that a ia itrictly correct :— 

If ■ number of equal spheres be described with their centres 
(laced in two pnuliel layers ; with the centre of each sphere at the 
^iatue* of radius x •/ 2,ai radius x 141421 (or at some lesser 
'diauaee), from the centres of the six surroimdlng spheres in the 
Mine layer; and at the same distance irom the centres of the ad- 
joining RphorcB in the otlier and parallel layer; then, if planet of 
InlMKCtioD between the several spheres in both layers be formed, 
Ihfra wilt rexull a double layer of hexagonal prisms united together 
1^ pynmidal bases formed of three rhombs; and the rhombs and 
the aidw of the hexagonal prisms will have every angle identically 
tb«Mme with the beat meaitiremants tvhich have been made of the 
call* of the hive-heo. But I hear from Pror. Wyman, who tn» 
careful mcMiirriiicnt*, that the (iccnracy of (he 
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iliip gf the bco "b^A been grently exaggerated ; to much to, 
that whatever the typical fijrin of the cell nut; be, it is rtmlj, iT 

Uonco wa may safely conclude that, if we could alighlly 
the iostincta already possessed by the Melipona, and in tbi 
not very wonderful, this bca would make a structure at wonderf 
perfect as that of the hive-bee^ We must auppoac the MeU| 
have the power of forming her colls truly i^erical, and of eqi 
eiEes ; aad this would not bo very surpriBin^, weing that sbe already 
does so to a cerlain extent, and seeing what perfectly cylindrical 
burrows many insects make in wood, apparently by turoing ronod 
on a fixed point. Wo must suppose Ibe Helipona to arrange 
cells in level layers, as !>ha already does ber cylindrical cell* 
we must further suppose, and this is the great^t difficulty, 
cha can somobow judge accurately at what distance to atand 
c felton-laboUTCrs when several ore making their sphere*; 
I fllie is already so far enabled to judge of distance, that she ai' 
[ ^escribes her spheres so as lo intersect to a certain extent ; and 
■he unites the points of intcrseclion by perfectly flat mifaccs. 
such modifications of instincts which in themselves are not very 
wonderful, — liardly more wonderful than those wbioh ^ide a 
bird to make its nest, — I believe that tho liive-bce has acquired, 
through natnral selection, bcronimilAble architectural powers. 

But this theory can be tested by experiment. FaUowing the 
Qiampte of Mr-Tegetmeier, I separated twocomlH, and put between 
Ihetn a long, thick, icclangular strip of wax: the beo* instsatl; 
began to excavate minute circular pils in it; and a* tbry de«i 
these little pits, they made them wider and wider until tbey 
converted into ■hallow basins, appearing to the eye perfectly 
parts of a sphere, aixd of about the diameter of a caU. 
interestiag to observe that, wherever sevwal bees bad begun 
excavate these batins near together, they had bogim their mrk It 
such a disUince from each other, that by the time the huina bad 
acquired the above-stated width (C t. about Ibe width of an ordinary 
Ci.'ll), and were in depth abont one sixth of tha diamelo of the 
sphere of which they formed a part, the rims of tho basins intrncctMl 
(IT broke into each other. As soon as this occurred, tlio bcos ceased 
to excavate, and began to build up fiat walU of wax on the bnes of 
intcrsectioa between the buins, so that each hexsgona] |<tlsD was 
built upon the scalloped edge of a smooth ttaon, instead of on the 
straight edges of a three-sided pyramid as in tbe cnae of otdinar; 
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WKX, a Uiia and narrow, Ictu(e-«dged ridgn, colonnd with vermiUon. 
Til* ben iniUatly be^tao on both rides to eicavats Utile ba^ini 
near to each other, ia the sHme vny as before ; but tbc ridge of wax 
«M w thio, thai tbo bottoms of tbc basioa, if tbey bad been eica- 
vated to tbe Game doplli as in the former eiperlnjent, would have 
broken into each other froiu tho opposite sides. The bees, however, 
did not sutler this to happen, and thej slopped their oicavatiouB in 
due time; so that the basioa, aa sotm as tbey had been a Utile 
deepened, came to have flat bases ; and tbcee fiat bases, formed b^ 
thin little plate* of the verinilion wax left ungnawed, were tituoted, 
•a Ikr aa the ej'c could judge, exactly along the planes of imaginary 
inlcrsection between the baaioa on the opposite sides of tbe rid;:e 
tA irai. In aome pnrls, odIj' small portions, in other ports, large 
fcrlioos of a rhombic plnte wcro thus left between the opposed 
bnl the work, from the unnatural state of things, bad not 
ly performed. ITie bees must have worked at very 
line rate in circularly gnawing away and deepeniui; 
both ndcs of the ridge of vermilion wax, in order In 
cceeded in leating fiat plates between the bnBins, by 
WOpfIn g woik at the planes of intersection. 

Considering bow flexible thin wax is, I do not see that there is 
■Bf difficulty in the bras, whilst at work on tbe twv sides of a slrip 
cf w«x, peiceiviog when th^ have gnawed the wiuc away to the 
fcopw thiimess, and then atopping their work. In oidinary combs 
It has ajipeued to me thnt the bees do not always siicceol in work- 
ing At auctly the same rate from the opposite sides; for I hnve 
' balf-completed rhombs at the bese of a just-commenced cell, 
which were slightly concave on one aide, where I snpposc that the 
bnns had excavated too i]uickly, and convex on tho opposed side 
when tbe bees had worked less quickly. In one well marked 
iosUoce, 1 put the ootnb bock into the hive, and allowed the bee* 
to g9 on working for a short time, and again examined the cell, and 
' found that the rhombic plate had been completed, and had become 
fitfttilyfat: it WM »l«olulely impossible, froia the extreme thin- 
of the Uttls pUlc, that they could have effected this by gnawing 
•«»y tho convex side; and I suspect thst the ben in such esses 
on opponite sides and push and bend the ductile and warm 
nx (which as 1 have tried is easily done) iuto ila ])topcr inter- 
Riodiste pUne. and thus llatlen it. 

From liio experiment of tho ridje ot vermilion wbk we can see 
Uul, if the bcea were to build fur themselves a thin wall of woi, 
Ikcy oould make their cells of tbe proper shape, I7 standing st the 
distanco from lath other, by excavating at ibc same rUi^ 
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aud by endeavourin? to mnke eqnal Bpherical hollows, bui t 
ftUonin; the sphoT«s to break into each other. Kow bees, m 
be cleaity skq by oximimag tlie edge of a growio; comb, do n 
A Toagb, ciKumferontial wall or rim all roimd the comb; and : 
f^aw ihis away from the opposite sidcB, always working c 
aj they deepen each cell, 'lioy do not make the whole thro 
pynmidal base al any one cell at the same time, but o 
one rhombic plate which stands on the eitrcroe growif^ margin. » 
the two plalefl, as the care may bo; and they never complete the 
upper edgts of Iho rbombia plates, unlil tbo hcu^onal vralli an: 
commenced. Some of these itotemcnts differ from thoae maile ly 
tbe justly celebrated older Hubcr, but I am canvincod of t" " "^ 
accuracy; aadif I hadfti^ico, I could show that they arc oonfurmi 
with my theory. 

Huber'a statement, tlint tbe very first cell ia cxcaTatcd out of ^ 
little parallel-aided wall of wax, is nut, ns far as I hare le 
correct ; the first commencement having always been a tittle hM 
of wax ; but I wdl nut here enter on details. We see how imports 
a part excavation plays in tbe oonslmction of the cella; b 
would bo a great error to siippoae that tbe bees cannot build n 
rough wall of was in the proper poaition — Ihal ia, along the pT 
of intomeclian between two adjoining spbetes. 1 bare terend q 
cimens showing clearly that they can do this. Eveo in the n 
circumferential rim or wall of wax round « growing comb, Gcn 
may sometimes bo obarrved, corresponding in poatlou XL 
of the rhombio basal plates of future cella. But tbe rough w 
uax has in every case to be fiaiabod off, by being largely g 
away on both sides, llie manner io which the teei buiU| 
carious ; they always make the firat inuKb wall from ten ti 
times thicker than the excessively thin finished wall of tbe e 
which will ultimately be left. ^Po ahall uodentaad bow th^^ 
work, by supposing masons first to pile up a bioad lidge of cement, 
and then to begin cutting it aivay equally on both ddea near the 
ground, tin a smooth, very thin wall is left in the middle; tha 
masons always piling up tbe cut-away cement, and adding & 
cement on the summit of the ridge. Wo ahall thus have a 
ivall steadily growing upward but always crowned by a % 
coping From all tbe cells, both those joat coi 
completed, being thus crowned by a strong coiHng of wa», the bc« 
can clOEter and crawl over tbe comb withont injorinj the dolicalc 
hexagonal nails. Thase ivalla, as Fmfessor Uilter has kisdly ssctf- 
lainsd for me, vary greatly in thicknoss; being, oa an arenga ti 
twciro measurements mado near 'be border of the comb, g)^ cf M 
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Inch in thickness; U'bereas tbc bual rliomboidal plates arc lliickcr, 
nearly in the proportion of threo to tn-o, having a mcaa thickness, 
ficm tweaty-one measure mania, of -^ of sn inch. liy the abovu 
rinsular numncr of building, strength is continually givon to the 
comb, wilh the ntmost ultimate cconoiny of wax. 

It sMDU at first to add to the diSicidty of uuderslaDding hon 
tlio cells ate mode, that a nmltitude of liccs nl! woik together ; one 
Ik» after working a short time at one celt gtnn^ to another, so tbnt, 
sa IlabeT has stated, a score of individuals work even at the com- 
mcncsmmt of the first cell. I niu able practically to show this 
£kI, by covering the edges of the hexagonal walls of a dii){le cell, 
Cr Um extnuse margin of the circumferential rim of a growin;' 
Knib, with to. extremely thin layer of melted vermilion wax ; anil 

I invariabiy found that the colour was most delicately diffused by 
tlie bee* — u delicately aa a painter coold have done it with his bmsh 
■~-by atonu of the coloured wax having boon taken from the spot 
on which it had been pUced, and worked into the growing edges of 
tlia cells all round. Tbc work of t»nstmction seems to be a sort 
■/ bnlanco struck between many bees, all instinctively standing at 
the aUDe nlative distance from each other, all trying to sweep equal 
■Einro, tod then bnilding up, or leaving ungnawed, the planes of 
iDt«rMction between these spheres. It was really curious to nol^ 
In WHS of difficulty, as when two pieces of comb met at an angle, 
hew (rften the bees would pull down and rebuild in different viiys 
th« Hina cell, sometimes rucDrtiog to a shape wliich they had at 
fint ivjeetod. 

Whca be«s have n place on which they can stand in their proper 
]a>sitions for working, — for instance, on a slip of wood, placeil 
Cecily nitder iho middle of a comb growing downwards, eo Ihnt 
the comb has to be built over one face of the slip— in this coso the 
Ws can lay the fotmdalions of one wall of a new hexagon, in its 
•trictly proper plat*, projecting beyond the other corapletod cell;. 

II itifSces ijiat the bees should bo enabled to stand at their proper 
nlaliro dlslacces from each other and from the walls of the last 
oompleteil cells, and then, by strikiag imaginary spheres, they can 
build np a wall intermediate between two adjoining spheres ; but, 
W far a« 1 have seen, they never gnaw away and finish off the 
Misle* of a cell till a large pitt both of tliat ccU and of the odjoiu- 
bg Mlb haa been built. This capocity in liees of Inyin-j down 
Vdv certain circumstances a rough wall in its proper place between 
tm jtub^onmenoed cells, is important, as it bears on a fact, whicli 

■t fiisl subvenive of the foregoing theory ; namely, that thii 
aa the citrrme nwrgin of \vnsp-c(>m<'s arc soinotiini-s strictly 
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t diEBcnltj in a single inaoct 
Ibe case of a queen-nasp) making bexngc 
work alternalcly on tbe inside and onisido i 
meoced at the same time, always alanding at the proper rctalire 
distance from tlie parts of tbo cetU just begun, sweeping KpliCTM t^r 
cylinders, and buiidiDg np intermcdiato planes. 

Aa natural selection acts onlj' by tbo accnrnalation of elicit 
modiGcations of etractnro or instiQCt, each profitable to the indi- 
vidual onder its conditions of life, it maj reasonabl j be asked, bon 
A long and graduated succession of modified srcbit«ctnral iottioela, 
all tending lotrards the present perfect plan of constniction, coutd 
have proQted the progenitois of the hiTO-beo ? I think the antirer 
is not diffienlt : cells constructed tike those of the bee or the wasp 
gain in etrcngth, and save inncb in labour and spwe, and in the 
materials of which thej are constructed. With respect Co the fbt^ 
mation of wax, it is known that bees are often bard prwstd lo cet 
snfficient neclar, and I am informed by Mr. Tegetmeicr that it hai 
been experimentally proved that from twelve to fifteen ponndi, 
dry sngar are conanmed by a hive of bees for the 
pound of wax ; so that a prodlgioos quantity uf Aatd nectar 
be collected and consumed by the bees in a hive for the 
of the wax necessary for the constnicUon of their comb*, 
over, many bees have to remain idlo for many days daring tim 
])roceBa of Becrolion. A Inr^o store of honey is indiipensable to 
support a largo stock of bcca during the winter; an^ the lecurily 
of the hive is known mainly to depend on a large number of bws 
being supported. Uence the saving of wax by largely saving henry 
and the time consumed in collecting the honey must be an import- 
ant element of succeas lo sjiy family of bees. Of couno Ihs nicc«0 
of the species may be dependent on the number of Its cnamiai, or 
jarasites, or on quite distinct causes, and so be alto^hcr inde- 
pendent of the quantity of honey which the bees can c«ll«ct. VaA 
let na suppose that this latter circomstaace determined, as it pr<^ 
bably often has determined, whether a beo allied to our humble- 
bees could exist in large numbers in any conntry; and let na 
further suppose that the community lived through the winter, and 
consequently required a store of boDey : there can in this case be 
no doubt that It would be an advantage to our imapnary humble- 
bee, if a slight modification in her instincts led her to mako her 
waxen cells near together, lo as to btcrsect a littia ; for a wall la 
common oven to two adjoining cells would tavo Mno Itltla Ubcor 
and wax. Uence it would continually be morn and incra ailn>- 
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tagvoo* to our liDmble-bees, if tbey vrero to make Ibeir colls more 
.oraf^ulsr, DMrar together, >nd i^gregated into a masg, lUe 
ills oi the MelipoTM ; fur in this cue a InrEO part of tho 
bouDding sarface of each cell would eoire to bonnd tha ndjuimtig 
MlU, ud much labour and wax would bo eaveii Agnin, from tha 
•une cause, it mould be ndTnntageous to the Meliponn, if sfac wero 
to roaks her cells closer together, and more regular in every way 
than at 'pnacat ; for then, us we hare men, tha Ephsrical surfHces 
VDuld wholly disappear and be replaced bj plane guifoccs ; and tbs 
Uelipooa n-ould tuoke a comb as perfect as that of the bive-bee. 
Beyond this stage of perfection in arobitoctniB, natural selection 
eould not lead ; for the comb of the faive-bce, a« far as we can ace, 
ii absolut«lj perfect in oconomiiing labour and wax. 

IIlub, as I believe, the most wondorful of all known lnetincls, 
that o( tho hive-bee, cao be explained by natural selection having 
advantage of nutaerous, successive, alight modifications of 
■unpler instincts; natural solection having, by alow degraes, more 
■nd more perfectly led the bees to sweep equal spheres at a given 
diitaoea from each other in a double layer, and to build up and 
ucavmte the wax along the planes of inlcraection ; tho bees, of 
t DO mnv knowing tiiat they swept their spheres at one par- 
r distance from each other, than they know whst are the 
I angles of the hexagons! prisma and of the basal rhombic 
plate* ; the motive power of the process of nataral selection having 
been tha construction of cells of due atrength and of lbs proper 
■iia and abape for the larvae, this being cfToctM with the greatest 
IKwnUa ooonomy of labour and wax ; that individual awarm which 
mda the beat cells with least laboor, and least waEt« of honey 
ill the accretion of wax, having succeeded best, and having trans- 
mitted thdr newly-acquired economic^ instincts to new swarms, 
which in tlieir turn will bare had the boat chance of suoceoding in 



ObJBUiotu to Ike Thtory 1/ Xataral Srltctiea ai apjJitd la laitiiuU : 
XeuUr and SUriU JnKcCi. 
It hai been objected to the (brfgoing view of the origin of insLncts 
Um( ** the variationa of structuro and of instinct muit have b^n 
■anoltaiieona and aeeorately adjusted to each other, as a modifica- 
' I the one without an immediate corresponding change in the 
woold have been fatal." 'ITie force ot this objection rests 
wiinly oa the anumption that the changes in the insliocts and 
ai« abrupt. I'o take aa ati illustration the case of the 
(Paroa mnj™-) alluded to in a previous chaplrrt 
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this bini ortCQ boIJs Ibe accda of the ;e^ b«tweea its feet on a 
braDch, and iiammeiE with its b«ak till it g«ts at the kemoh Koir 
what Bpocia] difficulty would there be in nAlural iclectioii pr ug rrin; 
nil the Blight individail variations to the shape of the b^, which 
were better and better adapted to break open the seeds, cniil a 
beak was funned, as well cooatnicted for this porpoM as that of 
Ihe nuthatch, at the same time that habit, or compalsioi 
toneouB variations of tute, led thu bird t« become more 
of A seed-eater ? In this case the beak is supposed to be t!oi 
modified by natural selection, snbeequentlf to, bat in 
ivith, bIowIj changing habits or taste ; but let the feet of the d 
mouKO vary and grow lai^er from correlation with the beak, « 
from an;f other unknown cause, onil it is not improbable that sodtl 
larger feet would lead the bird to climb more and mora nnti] Vt/^K 
acquired the remarkable climbing instinct and power of the nnt- 
hatch. In this case a gradual change of structure is supposed tn 
lead to changed instinctive habits. To take one more case: few 
instincts are mora remarkable than that which leads the swift of 
the Eastern Islands to make its nest wholly of inspissated aatirit. 
Some birds build their nests of mud, believed to be moistened with 
saliva ; and one of the swifts of North America makes ita neil (as 
I have seen) of sticks agglutinated with saliva, and evoi with flokra 
of this substance. Is it then verj improbable that (lie natorsl 
selection of individual swifts, which secreted more txA more taliv*, 
should at last produce a species with inatincts leading it to neglect 
other materials, and to make its nest eicluuvelT of ins^nsntal 
saliva? And so ia olher cases. It must, however, be adinilttAJ 
that in many instances we cannot conjecture whether it w 
or Btructure which first varied. 

Ko doubt many instincts of very difficult exjilauatioii could \\ 
opposed to the theory of n-ilural selection — cases, in which w* ci 
not see how an instinct could have originated; ca«ee, in which n 
intermediate gmdationa are known to ciist; caaet of iuBlincl ( 
such trifling importance, that tbcy coutd hardly have been acted oa 
by natural selection ; cases of instincts almost idDntically the si 
iu animals so remote in the scale of natutv, that wo cannot «i 
for their «mihtrity by inheritance from a coaiai' 
consequontly mnst believe that they were independently ocquina 
through natural selection. 1 will net here enter on these sotbtsI 
cases, but will confine myself to one special difBcolly, which at fint 
appmred to me insuperable, and acttaJly fatal to the whole Iheoy. 
I allude to the neuters or sterile fotnale* la insect-conut 
for these neuters often differ widely in instinct and In s 
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fiom bolli Iho molci ajid fertile fcmiilci, and yot, from Wing Gtorilo, 
tbef cannot propagate thoir bind. 

ITio Bubject well dositvei to be discuwod at great Isnptli, but I 
will here take only a tingle caae, tbiLt of working or Btcrilc ants. 
Bow the workers hava boen Tendered eierila is a difficulty ; but Dot 
much greatei than that of any otbor striking uodiGcatlon of Btnic- 
tore; iiii it can ba Bhovrn tbat wme inaects and other artioutato 
[la in a state of nature occasionally become Htciile ; and if 
such iosocta had been social, and it bad tueen profitable to the com- 
munity that a Domber ihculd have boon annually lorn capsbio of 
work, but incapable of prccreation, I can see no espwial dil£<:ulty 
in this having been cEToctcd through natural selection. But I must 
ju» over thia piclimiuory diOiculty. The ^cat dilGculty lies in 
the making anta differing widely from both the inalca and the 
fertile females in structure, as in the shape of the tbonut, and in 
J destitute of winga and somccimea of oyes, and in instinct. 
A> ^ ss instinct aiono 'm concerned, the wDnderful difietenco in 
tliis icapoct between the workers and the perfect females, would 
tlare been better exemplified by the hivo-b«e. If a working nut or 
Uher neuter insect had been an ordinary animal, I should have 
mihnitatingly assumed that all its characteiB had been slowly 
Bcqnired through natural lekctioa ; namely, by individuals having 
l)Den bom with slight profitable modifications, which were inherited 
Vf the oSs[iritig ; and that these again varied and again wcce 
•elected, and so onwards. But with the wDrking anl wo have an 
i&KCt differing greatly from its parents, yet absolutely sterilo; so 
thai it oodd never have trannuitted succesaively acquir^ modifica- 
tlona of structure or instinct to its progeny. It may well be asked 
liow is it puublc to reconcile this cose with the theory of natural 
wlKtionr 

First, let it bo remembered that wo have innumemblo instoncpj, 
\aih in our dbmeitic productions and in those in a state of nature, 
[Of ail sorts of differences of Inbcritcil structure which are correlated 
-Witb cnrlaln ages, and with cither sei. We bare dificrenccs cortt- 
btM not only nith one eoi, but with that short period wbco tlie 
'nproduetive system is active, as in the nuptial plumage of &i*ny 
Wda, •nd in the hooked jaws of the male salmon. We have even 
.■U^t differencGS in the boras of difioreat breeds of cattle in rela* 
ica to an STlificially imperfect state of the mole scX ; for oxen of 
a breeds have longer lioru than the oxen of other brocd*, 
roly to the length of the horns in both tlie built and cows ol' 
fhtM wine broois. Uenca I can nee no great difficulty ir. any 
(bmctor beooming corretnint with thr finilc condition of crH.tin 
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■Dcmbcts of iBSPct-communities : the diflicnlty Xva in andenbuidl 
how Buch correlatvd modiGcations of stnictuie couid have 
bIowI J accQnmUted by mtuiBi selection. 

This difficulty, thougli uppraring insuperable, ia lesBeneil, or, 
1 belieTG, diaippearB, vhen it ia rcmcmbeietl thnt selection may bo 
applied to the family, as wrtl m to the individual, iind may llin* 
gain the desired cud. Drecdcn of cattle n-lsh the ficsh iliiiI lilt to 
bo well narblcd l<^ether : na aoinisl thus chancteriEed 
slaugbtered, but tbo breeder haa ^ao with confidence to 
stock and has aueceedcd. Such bith may be placed in ' 
of selection, that a breed of cattle, aWays yielding oxen with eil 
ordinarily long horns, could, it it protoble, bo formed by caref 
watching which individual bulls and cows, when matched, prodi 
oxen with the longest boros ; and yet no one ox would 1 
props^ted its kind, llcra is a better and real illustration 
iug to M. Verlot, ramo varieties of tbe double annual Stock from 
hiving been long and carefully selected to the right dt^rer, always 
inoduce a large proportioa of seedlings bearing daubLe and quits 
sterile flowers; but tbcy likewise yield some siugle and feitila 
plants. These ktter, b; which alone the variety ran be propagMed, 
nuy bo compared with the fertile male and female uts, and tha 
double sterile plants with the neuters of the same oomnnmitf. 
As with tho varieties of the stock, so with social insects, ml 
has been applied to the family, nod not to tbe individual, for, 
Mkko of gaining a serviceable end. Hence we ma^ concludi 
slight modifications of structure or of instinct, coiTelsl«d with 
sterile condition of certain members of the community, bave 
advantageous: consequently the fertile males and femtdei 
nourished, and transmitted to their fertile offEpriog a lendonejr 
produce sterile members with tho same modifications. This pr 
cess must have been repeated many times, nntil that )TDdi>tJoiM 
amOQDt of difference between the fertile and sterile females of the 
same species ha.i been {iroduced, which wo eee in many social 

But wo have not as yet touched on the climax of tho difGcultr ; 
namely, the fact that tho neuters of sevcrsl anta differ, not only 
from the foitile females and males, but f^om each other, sometime* 
to an almost incredible degree, and are thus dividcil into two or even 
three castes. Tbe castes, moreover, do not commonly gndoate 
into each other, but are perfectly well defined; beii^ aa diirinet 
from each other as are any two species of Ifao umie gnint, or latha 
as any two gsnaia td tho Bame family. Thus in Eoilixi, tlwra 
norkinR and salditr ceaters, wiih Jan e 
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1 Cryploccrns, tbo vtorkcri of one caste iilone cany a 

K wonderiol aort of shield on their heads, the use of which » quite 

I nuknown; ta the Bleiican MyrmecocfBttu, the workera of dug 

^ leare the nesl ; they sre fad by the workers of another 

caite, and they hsvo an enormously developed abdomon which 

■ecrdea a sort of houoy, supplying the place of that excrelcd fay the 

aphides, or the domeatic cattle as they may bo cnlli>d, which our 

Btuvpeao nnta gunrd tiud imprison. 

It will Indeed he thought that I have a 

\ In lb* principle of natural Belectiou, when 

I tnch WDodeiful and well-established facts a 

In the simpler case of neuter i: 

which, aa I belieTe, have been rendered diflonsnt from the fertile 

a and females through natural aelection,we may conclude ftoni 

tiiD analogy of ordinnry Tariationa, that the aoccessive, slight, pn>- 

I fitible nwdiGcationa did not first arise in all the noutcrs in the sarao 

soma few alone; and that by the auniwil of the 

I Mnmuiiltea with females which prodaced most neuters having 

~ « •dYantageona modification, alt the neuters ultimately came to 

• thni obaraeterisnL According 1« this view we ought occasion- 

" " 'n the same neat nenler insects, presenting gradations 

4 ttmetnre ; and this we do find, even not rarely, considering how 

r noDter ioitecta out of Europe have been carefully examined. 

r^F. Etnilh has shown that the neuters of several British ants 

IT carpriBiDgty fmm each other in size and sometimes in colour ; 

rBTid that the extrcoie forms can be linked together by individuals 

1 out of tlio earns nest: I have myself compared perfect 

Kradatkina of this kind. It sometimes happens that the larger or 

tho amallix nzcd workers are the most numerous ; or that both 

UrgD and small are numerous, whilst those of an intermediate siM9 

I wn souity in numbers. Formica fiava hns larger &vA smaller 

orkcrs, with some few of intermediate size; and, in this species, 

» Ur. K Smith has observed, the larger workers have simple eyes 

bwolli), which though small can bo pbinly diEtinguishcd, whereas 

I amaller workers havo their ocelli rudimentary. Hann^ 

vfnlly dissected several specimens of these workers, I can aflinn 

tt tba ayea are far roorc rudiraentary in the smaller workers than 

■ be acDOantM far merely by their proportiouBlly leuer size ; and 

t fully baline, thoagh I dare not assert ki positively, that the 

ritin of istennediate size have their ocelli in an eiactly intcr- 

Uste condilion. 80 that hem wo have two bodies cf atcrile 

I Id tb« caeca nest, differing not only in aim, but in their 

a el riaioii, yrt cenncclcd by aome fvw m^mbcni In an Inter* 
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mediate coniIiLion. I may digress liy Mlding, tbat if tKe notUei 
ivorkciB b[kd be«n tho most usffiil to the Eommmiity, aod tboM 
malu and females had been conliQcallj Mlcctrd, n-hich prodticed 
more and more of tlio smaller workers, until all the vorkers vrerc 
in this condition; we ahould then liavs hod & spccin of ant with 
tioiiteis iu nearly tlio saine condition as those of Myrmica. For 
the workers of Myrmica btva oot even rudiments of ocelli, thou^ 
the male and female ants of this genns have well-developed ocelli 

I may givs one other case : so confidently did I eipcct oocasjon- 
Lilly to find gradatioDs of important stracturoa betfrccn the dtffcrenc 
<'SstG« of neuters in the eame sgwcies, that I gladly availed myself 
of Mr. F. Smitli'a offer of numeroua specimens from the mr» 
ncsl of the drive-r ant (Anomma) of West Africc The reader will 
l«rhapB best appreciate the amount of difference in these irorkeni, 
liy my giring not the actual measorements, but a. strictly aoeumto 
illustration: the difference was the same as if wo were to see a sH 
of workmen building a house, of ivhom many tveie five feet four 
i uches hi^h, and many siitfcn feet hijh ; hot we must in addition 
unppoao that tho larger workmen had heads four instod of three 
times as big as those of the smaller men, and jaws neatly five 
tiroes aa big. Tlio jaws, moreover, of tho working ants of iho 
xuveial sizes differed wonderfully in Bbapc, and in tl ~ 
number of the teoth. But the important fad for 
though the workers can be grouped into castes of different 
yet they graduate insensibly into each other, as does the widi 
different structure of their jaws. I speak confidently on 
latter point, as Sir J. Luhbock made drawings for me, with 
rumen lucida, of the jaws which I dissected from tho workers 
the several tizes. Mr. Botes, in his interesting 'Naturslist 
.imaxons,' has described analogous cases. 

With these lacts bcforo mo, I believe that natnral selrcli 
acting on the fertile ants or patents, eonid farm a spaelcis which 
should regularly produce neuter", all of larga siso with one farm 
of joiv, or all of small size with widely diScrent jaws ; or lastly, 
iind this is the climax of difficult)-, ouc set of workers of one ' 
nad structure, aud simultaneously another set of workers of 
ferent site and stmcture ; — a graduated serin having fint 
formed, as in tho case of the driver ant, and then the 
Torma having been produced in greater and pea tet DUicbo«,thi 
tho survival of the parents which generated thein, until 
an intermediate structure were produced. 

An analogouB explanation has hmin gi»en by Mr. Wallxa, 
111© equally complex case, of ccrlaio Jlnlajnn Bittterfliis re^mli 
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undfT tno or evea tJireo ilistiDct fcmalo forms; uul b; 
FhU Miiller, of cortain Bmiliaii cniBtnccaus likcwJM appcftrin^ 
jfider two nidely diatiact mule forma. Iliil this subject Deed cot 
lero be discussed. 

I bare DOIT explained how, as I believe, Ihc woDdeiful fnct nf 
two dbtinctly defined cattcs of stcrilo wurkcni cxiating in the 
Best, bolh nidety diUcretit from each otber and fioni their 
pareDt«, hna oiiginaled. Wc can see how useful their production 
nay haic be«ii lo a social community of ants, on the same {iriucipli? 
that the division of labour is naeful to civilised man. Ants, how- 
ever, work by inherited uiatincU and by inbeiited oiganE or tools, 
vhiUt man works by acquired koowlcd;;e and manufactured itiatni- 
~iit I must confess, that, with all my failh in Daluntl 
■election, I ahould Dover have anticipated that this principle could 
kare been eSicient in so high a d^ree, had not the ca«c of these neuter 
to this coDctmioo. 1 have, therefore, discussed this 
ittle but wholly insufficient length, in order to show 
the powtirof natural 8eIeotion,aud likewise because this is by far the 
b wrious special difficulty whicli mj' theory bas encountered. 
CMC, also. Is very interesting, as it proves that vrith aalmals, as 
ay amount of modi&cation may be effected by the 
ition of numeroiu, sUght, spontaneouB variations, which 
in any way profilabic, without ciercise or hnbit having been 
lugbt into [ilay. Cor pBculinT babila conSnod to the workers or 
nk fetnalcs, hiiwcver long they might be Ibllowed, could not 
•ibly affect Iho malos and fertile females, which alone leave 
oeoduti. 1 am surprised that no one has hitherto advanced 
■ donoufetntivo cnso of neuter insocts, against the ncll-knonn 
of ilililTited hnhil, as odvunccd by Lamarck. 



Summaey, 
I have eudctvonrcd in this chapter briefly to show that (ho 
(ntal qnalit^cs of our domestic animals vary, and tbat the varia- 
MM vt inbentod. Still more briefly 1 have attempted to show 
»t inltlncla vary slightly in a state of nature. Ko one will dis- 
ita tbat instincts are of the highest importance to each antnml. 
Imefon) there is norealdilBaitty, under changing ceudilions of life, 
' natural selection accuiaulating 10 any czlent slight modiEcalions 
' Isiklnct which are in any way useful. In many casea habit or 
« and disttao have probably come into ptay. I do nat pretend 
lat the facta given in this chapter rlrengthen In any great degree 
y theory; bnl none of the canes ut difficulty, to the best of my 
dpnmt, annihilnte it. On the other hand, the Tnct Ihnt Instincti 
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nro not alwBjE absoiutel; perfect and *re liab'.o to misUkra : — Ihit 
Lo instinct can ba ghowTi to hava been produced for the good of 
other (uiiniBlii, though animals take advantage of the inatincli of 
others \ — Oiat ibe canon in natural history, of " Natum Doci TmI 
mltum," it appUcablu to inslincls ns veil ts, to corporeal atrn 
aud U plainly eiplicabte on the fDr^;oin; TietrH, but is < 
wise ioeiplicftble, — all tend to corrobOTalo the theory of natul 
Bolcotion. 

This theory is also Btrengthoned by some few other facts I 
regard to instincts; us by that common case of closely allied, b 
liistinct, Bpeclas, n-hen inhabiting distant parts of tho world ■ 
linns under considerably different conditions of life, yet ofteAfl 
retaining ncarljr the same instincts. For instance, we can BDdBi> 
stand, on tho principle of inheritance, bow it is that the thmsh d 
tropical South America lines its nest with mud, in the same pccitl)*i 
maDQer as dooa oiv British thrush ; how It i« that the Homtulls of 
Africa and India have the same extraordinary instinct of plasterinT 
up and imprisoning the females in & bole in a tr«e, with only a 
email hole left in the plnator through which the malcB feed them 
and their youn« when batched ; how it is that the mole wren* 
(Troglodytes) of North Amorica build "cock-nesU," to rooal in, 
llko the molea of our Eitty-wrens, — a habit wholly unlike that uf 
any other known bird. Final];, it may not be a logical dcductiM 
but to my imagination it is for mora satislaclory to look at s| 
instincts as tha young cackoo ejecting its fbtter-brothera, — 
making slaves, — the lorree of idineamonida feinting will 
live bodies of caterpiUare, — not as specially endowed or 
iutincts, but as small cousegnences of one genentl law ]« 

, \ the ailvnnccmcnt of all organic beings, — namely, mnltiplj', ' 

'J lot tho strungrat live and the weakest die. 
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CHAPTEE IX. 

Owtlnelion UlwKQ the itci-iUlj of first rroHM and of hybriiii — Slerilily 
*ariOiii in decree, not uatrern!, nlTcctnl br close iotcrbreeding, r- 
nio»«d hj dooiMlicfllion — Laws goTtrning the steriHtjr of hTbri<l« — 
SwrilWx Mt k ipidal sndoiiraKnl, bat inciJeatal on other diflerensei. 
Bet ■RComnlated by nataral Hlectlon— Csoaes a! tbe ilfrilitr of lirn 
uotM* ud of hjbridi — Pirullelitm betwoea Iha eflccta of changed 
coBditiow of life ind of croBing — IHinorptium and tritnorpbiim — 
FutJlitj ef Tirictiea when ctoufd uid of Lh«ir moasnt oHapring not 
unlretMl — Hybrids and inoDgieli couipiirsd independcnll; of their 
lertililf — Sunimsry. . 

Tub ticw eomtnonly enturtainrd by nntttralisfB is tUnt specios, when 
iDlACniased, Iibtb been spectnlly ccdoned nith storility, in order to 
imvoit theit confnsion. This view certainly ecema at first highly 
probahl?, for Fpecies livitif; together conlii hardly havo been kept 
dbtinct had they been capable of freely crossing. 'J'ho subject is 
IB mmy ways important for us. more especially aa Ihe Eterility of 
•P'cfM wbeD fint crossed, and that of their hybrid ofispring, cannot 
tut*« been &cqt)ircd, as I Ehnll ihow, by the prewrvation of euc- 
«B^ra pnfitibia degrees of Btcrility. It is an incidental result of 
diffenneM in the reprodnctive systems of the paront-ipecies. 

In tmtling this subject, two classes of facfs, to a hr^ oiteDt 
fllTidaniMilally ditTcrent, have generally been confounded ; numely, 
tbo tt«n1ity of species when first crcescd, and the sterility of the 
lijbritis produced from them. 

Ptm» species h»ve of conrso their organs of reprcduction in a per- 
fcct oondition, yet when intererossed they produce eiihcr few or no 
SOiprin^ Hybrids, on the other hand, have their reprodwcUvu 
vtgans Ametiovally impotent, as may be clearly seen in the slate of 
lite ntlD demetit ia both plants and animals ; though the formative 
«tEK>* tlicmselvei are perfect in atnictnre, as for as Ibe tnicroscopo 
l|*«^ In the first case tbe two sexual elements wliich go to furm 
Iba embryo are perfect \ in the second case tb^y ate either not at all 
'dtrdopsd, or am imperfectly dereloped. This distinction is jm- 
fnrtuit, when the cause of the sterility, which ia c 
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two caacs, liaa to be conaidered. The distiDction prabikbly bas besn 
■luTTed over, owing to the Bterilit; id boUi cases being looked on a* 
a special endowmeot, befond the proviace of onr reasoning powen. 

llie rartilil7 of Tarictios, that is of the foirtts knovD or bvUered 
to be descended from common parents, when crossed, and likewiia 
the fertility of their mongrel offdpring, is, nith reference Xa -avj 
theory, of equal importwiuo with the sterility of Epcciea ; for it 
■cema to make u broad onj clear distiactioa bcCn'e« 



Degrea t>f Slrrilily. — First, for tho slcrility of epe&w «r]uii 
crossed and of their hybrid oSspriog. It ia impossiblo to study the 
seTeral mernoin nnd works of those two coDSciectious and adoiinble 
ubeervers, Kljlreiiter and Gartner, iiho almost deroled their lire* In 
this Babject, withoat being deeply impressed nith the high gen^ 
mlity of some degree of atetility. Eolrenter makM the ralo.— 
univerial ; but then he cnta the knot, for in ten cue* in vliieh h 
foand two forms, coosidered by most authors as distinct b 
quite fertile together, he unhesitatingly ranks tbem a 
Gbrtner, alio, nmkcs the rule equally uniTersid ; and he disp 
the entire fertility of Kiilrcutcr's t^n caacs. Due iQ theao and In 
many other cases, Gartner is obliged caTelully to count the aeeds, 
in order to show that there is any degree of sterility. Ho always 
compares the maximura ntunbcr of seeds produced by two species 
when first crossed, and the maximum produced by thcit hybrid 
offspring, with the average number prodoced by boUi pure parent- 
spedca in a state of nature. But causes of sorions error here inla- 
vone : a plant, to bo hybridised, must be citslratcd, and, what is 
often more important, must be seclodod in order to prevent poUm 
being brought to it by insects from other pLtnts. Nearly all the 
plants experimented on by Gartner were potted, and were kepi in a 
chamber in hia house. That these processes are often injurions to 
the fertility of a plant cannot be doubted ; for G&rtaar ^n« in his 
Ubla about a score of coses of plnntt which he CMtraied, and 
nttigcially fertilised with their own pollen, and (exdndiog all a 
such as the Leguminosie, in which there is an acknowledged d 
cnlty in tbe manipulation) half of these twenty pUnta Iiail t 
fertility In some dt^ree impaired. MoreoTer, as Gartner n 
cni«scd some forms, such as the common red and blao pimpe: 
(Anagollis arrcnsis and cicrulea), which the best botanists n 
varieties, and found them absolutely sterile, we may doubt wht 
many species are really so sterile, when intorcraood, ai ' 

It is certain, on the one hand, that the sterility of rj 
wheji crossed is so di/Tcrcrit in iTn^^rvu nail jitvliuifus awafaoli 




c.UL 



Dt'grcci of Sterility 



237 



•enBibly. vsA, on the other hacd, that the TertiUty of pnre ipeoics 
is *a easily affected by varioos clrcumatancEs, that for all jiracticnl 
parpoMS it is most difficult to say nhcrc perfect fertility ccdi and 
■Icrility be^iLS. I thick do better ovidenco of tbia can be required 
than th.1t the tiro raost experienced oliservGra who have over lived, 
itamcly Kolreuter and Gartner, nrriTal at diametrically opposite 
concluiiottt in regard to Eomo of the very tscne forma. It is oleo 
tt iu8tructi»e to coroparo — but I have not apaco hero to enlcr on 
V dtt«la — the evidence advanced by ou beet botnniEtson Ihe qiicBticn 
[ithcth«r cerl«i]i doubtful fonne should be ranked as species or 
, with tho ovidenca from fertility adduced by different 
■ybtidisers, or by the same observer from experiments made during 
AiffMTDt yean. It am thus bo shon-n that neither sterility nor 
"artility affords any certain distinction between speeies and variatics. 
~ie evidence frora this source graduates ntray, and is dnubtfut in 
10 dcgrc* as is the evidence derived from olhor conatitiitionnl 
d structural differences. 
I In regard to the sterility of hybrids in snccrasivo gencimtioni ; 
BOUgh GilrUier wag enabled lo near some hybrids, carefully guard- 
ing them from a cross with either ]inTe parent, fur six or saven, and 
in ou caas for ten generations, yet ha a»ierts positively that thvir 
faniUtj naver incresEe*, but generally deoreasea greatly and sitd- 
riKily. With respect lo thia decrease, it may first be noticed tlmt 
■lun any daviation in structure or constitution is common to botli 
uti, thia is often Ironsmiltod in an ou^onled decree lo the 
% t •nd both sexoal elements in hybrid plants are alrcndy 
leeted in aoine degree. But 1 believe that their fertility has be(>ii 
niiiislird in nearly all these dices by an independent cauac, 
ely, hy too close iQl£Tbrocding. I have made so many expori- 
BBta wid collected so many facta, showing on the one baod that 
'ontl croaa with a distinct individual or variety increasM 
Iba TlgMir and fertility of the offspring, and on the other band that 
■nrj cIoM interbreeding lessens their vigour and fertiUty, that 1 
etmot doabt theoorrrctness of this conclusion. B^brids aro seldom 
Buscd by esporimcotalists in great numbers; and as tho parenl- 
speclo, or other allied hybrids, goncrally gron in tho same garden, 
liw viaita of insects must be cvofutly prevented during the fiowering 
• hybrids, if left to themselves, will generally be 
d durinR each generation by pxillen from the same flower j 
1 thia would probably be injurious to their fertility, already 
mod by their hybrid origin. I am strengthened in this con- 
I by % remarkabls statement repeatedly made by GirttiDr, 
ncly, that if oven th« less fertile hybrids be srilflcialtr rertilliad 
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with hybrid pollen of tbo tame kind, thair ffittility, notwithztaitding 
the frequent i!l eficcti from maaipnlation, sometimes deddrdi; 
increases, sad goea on tDcreaaii^. Now, in the proceai of BTtiGciaJ 
fenilisation, pollen is ss often token by obsnce (u 1 knotr fnu mj 
own experience) from the sntheni of anotlier flower, as rran lb* 
uithen of the fiovet itself yhich is to be fertilised; *o tbat aortBi 
between two flotreis, though probeblj often on tha nme pUnt, 
would be thna effected. Mr^eorer, whenever complioited vt-^ittii- 
menta are in pn^resa, bo careful an observer as Gartner would hsTo 
castrated his hybrid^ and. this wonld have enEnred in each genera- 
tion a croBi vritb poUen from a diitinct fionrer, either ftom the Kma 
plant or from another plant of the same hybrid nature^ And thns;, 
the strange fact of an increase of fettiliCy in the Eucceasire gennn- 
tiOQS of artijiaaliy /ertiliird hybrids, in conttut with thou 
apontanpouBly self- fertilised, may, es I belioYe, be sccoimtcd for ht 
too closo interbreeding having been Dvuided. 

Now let III turn to tbo results arrived at by a third moat experi- 
enced hybriditor, namely, the Hon. and Bcr. W, Herbert. He it 
as empbado in hia coneluaion that loma hybrids are perfectly lertil* 
— as ferUle om the pare parent-species — aa are Kolrentvr andOlrtner 
that «ome degree of ttcriliCy between distinct species is a BniTenil 
law of nature. He cxjierimented on ajma of the very wne cpeciea 
na did Gartner. The difference in their results may, I think, be la 
part acconnted for by Herbert's gr«at horticnltuial skill, and by his 
having hot-houscs at his command. Of hit many importaot state- 
ments I will here give only a single one aa an example^ namely, 
that "every ovule in a pod of Criutun capcnse fertiliied by(X 
revolatum produced a plant, which I never kiw to occur io a rait 
of its natural recnndation." 80 that here ne have perfect or «v*n 
nioro than cummonly perfect fertility, in a Grat ciusa bctwem two 
diitinct species. 

Thig citse of the Crinnm leads mo to refer to a ainginlar Ticl, 
namely, that individual plants of certain specie* of Lobelia, Vcr- 
biucum and Passiflora, can easily be fertilised by pollen from a 
distinct species, but not by pollen l>om the ume plant, tbongh Ifait 
pollen can bo proved to be perfectly sound by fertilising other i^aAli 
or species. In the genua Hippeastrum, in Corydalis as shown by 
PraresKtr Hildcbrend, in various orchiils as shown by Ur. Scott aod 
Fritx Uiiller, all tbe iodiriduals are In this peculiar condition. So 
Uiat with some species, certain abnormal individuals, and In otliia 
spocies all th« individuals, can actually be hybridiMxl much mora 
teadilytboQ they can bo fertilised by pollen from the nun* indiridaal 
plant I To give one iustauce, a bulb of Hippeutnim aniicnm jn- 
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DC«d (oar floirers ; three were fertilised by Uerbert with tbeir owu 

Dllen, tod tlie fouilh wu Rubscqueutly fertilised by tbe pollen of 

tupound bfbiiil desceDded from three dietinct species: lliu 

t tvM that " the ovariea of the tbreo £ist Boweis MOtt ceased to 

iw, »qU ifter a few daya periahed entirely, whereas the pod 

impreenBUd by tlia pollen of tlie hylirid mnda vigorouB growth 

and mpd prugreM to maturity, nnd bore good seed, which Tege* 

lat«d freely." Ur. Herbert tried similar eiperimcnts during mauy 

nr*, and always witk tbe suae result, 'ilieso cases serve to show 

n what alight and mysterious causes the icsaer or greater Ibrtilily 

[* (pedes sometimes depends. 

^ ^lia practical eiperiments of borticuUurisU, though not made 

rillt (deDiific precision, deserve some notice. It is notorious ju 

ow complicated a manner the species of Pelargonium, Fuchsia, 

Wceolaria, Felnoia, Bhododcndroo, Jtc, have been crossed, yet 

May of these hybrids seed bcely. For instaDoe, Herbert asserts 

bat a hybrid from Calceolaria Jntegrifolia and plantagioes, apeclcH 

iMt widely dissimilar in general habit, "reproduces itself as [jcr- 

^tly aa if it had been a oatutal species from ttie mountains of 

Bill." 1 bare taken some pains to ascertain the degree of fertility 

fsome of the complex crosses of Bhododcndrons, and I am assureil 

lit tnony of them are peifeotly fertile. Mr. C. Noble, for instaDcc, 

\a me that ho raises stocks for grafting from a hybrid between 

L pointicum and catawbiense, and tliat lliis hybrid " seeds at 

/ U it is possible to Imagine." Uad hybrids, when fairly 

nled, always gooo on docreasiug in lertilily in each succossivo 

inetktiaD, as CiirUier believed to be the case, the fact would have 

becu Dotonous to oursery-meti. Horticulturists raise large beds of 

llie same hybrid, and such alone are fairly treated, for by insect 

', Bgency tbe several individuals are allowed to croas Ireely with each 

Hr.athcr, and the Injurious inOuenco of close interbreeding is thus 

^■■reTciitod. Aoy one may readily conviuoo himself of the efiicieDcy 

^^K| insect-agency by examining the Sowers of the more sterile kinds 

^^nf hybrid ithododcndrons, which produce no pollen, for he will 

^^ntd cw their stigmas plenty of pollen brought from other Howcrs. 

Jo regard to animals, much fuwcr experiments have been can- 
Ciilly tried tlian with plants. If our syslemalic Krisogements can 
!• tnwted, that is, if the p'nera of animals are as distinct from each 
e the genera of iilants, then we may infer that animals 
« wtJaly dislinct in ihn scale of oaturo can be ctossetl more 
iljr than in the case of plants i bat the hybrida tliemsclvva ar*^ 
Lthiuk, mure ttvile. It ahoulil, however, be borne in mind that, 
■ to few aiiiiunU brnediTig freely under confincmont, few 
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experiments have been fiurlj tried: for insUiiM, the caaitrf-Urd 
has boes crosBed with cine dlBtinet (pecim of fincbo, but, aa noi 
one of ibi'M breeds freelf in conGnemeDt, we bave no ngbt to 
expect that the Grat cnuBei between them and tlie canary, or that 
their hybrids, should be perfectly fertile. Again, with rraptet lo 
the reiiUitjr in succeauve gencialiODB of the tnore fertile li;bnii 
uitnals, I hardly knon of an inslBnce In vhicb two familiet of the 
■ame hybrid liavc been raised st the same time from diffenni 
parents, so as to avoid the iU eOects of close intCTbreoding. On tho 
contrary, brothers and Blstors haio viually been eroesed in rncli 
siicccBsive generation, in oppooitiDn to the constantly repeaicei 
admonition of every brooder. And in this case, it is not « all 
surprising that tho inhe^-ent sterility in the b,vbrida ahonld luvc 
gone on increasing. 

Although I know of hnrdly any thoroughly well-aBthenticaUd 
cases of perfectly feclile hybrid nnimals, I have reason to bellrt^ij 
that the hybrids from Cervniua vaginalis and ReeTerii, and from 
Phosanus colchicna with P. torquatus, are perfectly fertile. U. 
Quatreft^cs slates that the hyl^ds from two moths (Bombjrx 
f QTithia and Hrrindia) were proved in Paris to be fertile intir f 
eight generations. It- has lately been afserted that two such 
distinct apccies as the bare and rabbit, when they can be got to 
breed together, produce offspring, which are highly fertile ubeii 
crossed with one of the parent-species. Tho hytrids from the 
common and Chinese geese (A. cygnoideo), ipecjes which are ui 
different that they ate generally ranked in distinct genera, hnro 
often bred in this country with either pure parent, and in oep 
single instance they have bred xnt/r te. This was eSecled by 
Ur. Eylon, who raised two hybrids lioin the same pumtii bnt 
from different hatcbes ; end from these two birds ho raised no le« 
than eight hybrids (gntndchildrcn of the pnre geese) ham one nett. 
In India, however, these croes-brad geeie must be fiir more fertile; 
lor I am assured by two eminently cafable jodgc^ namely Sfr. 
Blyth and Capt. Hutton, that whole flanks of tbeae cToaaed f/xx 
are kept in TarioDB parts of the country ; aid as they are kept for 
profit, where neither pure parcnt-spccies exists, they must ciertaialy 
b« highly or perfectly fertile. 

With our domesticated animals, the various races when cnoae'l 
together are quite fertile; yet in many cases Ihey ai« ilsriimlrd 
from two or more wild species. From this fact we muH conclude 
ailher that the aborigiual parent-eperLes at first produced perfectly 
ferlita hybrids, or that th« hybri>la Bubse>]UeDt)y rtai«d WMkr 
doroeBtication became quite fertile. This Ultcr nllcmafii^ whid 
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iB tint propOTnided by Pallas, seems Ijy fur tho most probsblo, anJ 

Leu, indeed, iiardly be doubted. It b, for instance, almost certain 

^tlwt ovx dogs ire desoemUd from several wild Btocks; yet, witli 

peiliaps tlie czceptiOD of certain indigenous domestic dogs of South 

Americ*. nil are quite ferlilo together; but analogy makes mo 

greatly donbt, whether tho acreral abortgioal species would at tnl 

have bcely brod together and have prtxluced quite fertile hybrids. 

~ I B^iii I hare lately acqnired decisive evidence that the 

d offspring from the Indinn humped and common cattle are 

T *t perfectly fertile ; and from tho observations by Butimeyer 

■.(n their important osleologicol diOercnccs, as well ns from tboso 

EijbT Ur. Blytb on their diBercnces in habits, voice, cooslitution, Ac, 

■4JtLes« two forms most be regarded ss good and distinct speciee. 

■ Hie some mnorks may be extended to the two chief races of 

ktbe pig. We must, therofote, either give up the belief of tho 

Stversal sterility of species when crossed; or we must look at 

sterility in animals, not as an indelible characteristic, but 

ne capable of being removed by doracstication. 

- Finally, considering all the ascertained facis on tho interoross- 

ing of plants and animals, it may be concluded that some degree 

of BUiility, both in first crosses and in hybrids, is an extremely 

gMunl resalt; but that it cannot, under our jresciit sLtte of 

nrledge, be considered as absolutely uniTcrsnt. 

lav* govtming the StertiUy pffirit Crotat anil of Bybridt. 

I W« will now consider a little more in detail the law* jcoveniiug 

e tterilily of first erossas and of hybrids. Our chief object will 

IM whether or not these laws indicate that species have 

1 qieeiBtly endoired with tliis quality, in order to j4«vcnt 
bcir crowing and blending together in utter confnsion. lite fol- 
iwing conclusions are drawn up chiefly from GUrtaer's admirable 

a the hybridisation of plants. I have taken mncli poinj 
p ascertain hovr far they apply to animals, and, considering bow 
: knowle'ige is in regard to hybrid Hnimals, 1 liavo 
a nnprised to fmd hoiv gencraily tho same riilM apply to bntli 
jdoms. 

f It ho* been already remarked, that tlio de;:iFo of fertility, both 
\ firat crossea and of hybrids, gniduatea ffv>ni lero to ]ierre<'t 
Llily, it is Burprising in how many curious ways this gioda- 
a be ahon-n ; but only tho barest outline uf the facta can 
« \m glvA, When pollen from a plant of one lamily is placcil 
I tlie atigmii of a plant of a distioct family, it exerts 
I so Riuch 'uor^Mv ic diiat. Fnm this sbsolut 
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fcrtililj, the pollea of dlfTerciit Rpccici a{>plicd to the ttifma tl 
tama one species of the eaxaa genus, yieldi > ivrfect gradation in 
tliB number of seeds produced, up to nearly complete or en'n qaicc 
oompLele fertility ; and, u we bava seen, in certain abnoimal Ga«r>, 
oven to an escces of fertility, beyond that vrhiuh tha plant's ohi. 
poUea produces. So in bybrida themsekes, there are aomo whicb 
never have produced, and probably never would |«Dduce, evio wlili 
the pollen of tbo pure parents, a singlo fertile seed : but in wne of 
these cases a first tiaco of furtility may bo detected, by Um pollen 
of ona of the puce parent-species causing the Sower of tUa kylwid, to 
wither earlier than it otherwise would have done ; and the early 
-withering of the fkiwer is well knon-n to be a sign of Indplfot 
fi^ilisation. From this extreme degree of sterility we have atlf* 
fettilisod byhridi producing a grcAtcr and greater number of soedi 
up to perfect fertility. 

The hybrids roised from two sjieoica which are VG17 difficult 
to cross, and which ranjy produce any offspring, are geaeially very 
sterile ; but the partdlsliBm between the difficulty of making a 6rst 
cross. Mid the sterility of the hybrids thai) produced — two cUen of 
^ts which are generally confounded together — is by no mMCS 

. atrict. There are many cases, in which two purs species, ■■ in the 
genus TerbaMum, can he united with unusual fautity, anit produce 
numerous hybrid-ofTspring, yet these hybrids are rematkaU; sleiile. 
On the other hand, there are species whicli can bo cn»ed very 
rarely, or with extreme difficulty, but the byhrids, when at last 
produced, are very f<:rtile. Even within the limits of the same 
genus, for instance in Dianthua, tbeae two opposite cases occui. 

The fertility, both of &ist crosses and of hybrids, is nior* easily 
alfocted by unfavourable conditions, than is that of pure qxcic*. 
But the fertility of first crosses is likewise innately vatiable ; fur 
it is not always the same in degree when the samo two apociea are 

I crossed under the same circnmstances ; it depends in part upon the 
institution of the individuals which happen to have been choueu 
Sir the experiment So it is with hyteids, for their dcgrM ui 
fertility is often found to differ greatly in the MVeral individluU 
raised from seed out of tbe same capeuio and eiposnl to the same 
conditions. 

By the term systematic aElinity is meant, tbe genen] reaemUanea 
intween species in stiueture and couslitution. Now the fori 

I fint crosses, and of the hybrids produceil from tbcm, ii 

] governed by their i^stematic afBnity. 'litis is dcaily il 
hybrids never having been laised between spMira rsnkcd b 
tematists in distinct families ; and on tlie uDicr hatu*, I 
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acly tltitd ipecies gonerally uniting with fucility. But thp 
netxttideiico betwoen systeniatic nffinity and tlie facility of 
wing is by no mcaOB strict. A multitude of cmea cocid be giTcn 

f very dtaely allicil apociEs which will not nnita, or only with 
«Ktrcmo diSicuUy 1 aad on the other hand of very distinct species 
which unite with the utmost facility. In the same lamily thero 

ttay be a geniu^ as Diaathus, in which very many species csa mast 
idily be crossed ; uid aobther genus, as Sitene, in which the most 
neveriog efTorts hare Jailed to produce between extramely close 
wies a single hybrid. Eren within the limits of tho same genus, 

> meet with this sumc differenco ; for instance, the muiny Bi«ciin of 
iootiana have been more largely crcBsed than the species of almost 

Nityothei gitnas; but Gtutnet found that N. acnminata, which is 
■ot a partioolarly distinct species, ohstimitely failed to fertilise, oc 
k> be lettiliscd by no less than eight other species of Nicotiana. 
[any analogous facts could be given. 

le has been able to point out what kind or what amonnt of 
Sffortncc, in any recognisable character, is suflicient to prevent two 
RUsorouing. It can be shown that plants most widely difTerciitiu 
bit and general appearance, and having strongly marked differ- 
MS in every port of the flower, even in the pollen, in Iho fruit, 
(1 lo the cotyledons, csn be cro!ie«d. Annual and perenninl plants, 
ddnons and cve^recn tn^es, plants inhabiting difl'crent sialioiix 
d Str«d lot cxlrcinoly diifercol tlimntes, can often be crossed 
thewe. 
' By a leciprocal croRs between I'ro species, I mean the case, 
« inttaoee, of a fcmale-aaa being first cttesed by a stallion, and 
tsn a man by a mnlo-ast: these two species may then bo said 

> bavg been reciprocally crossed. There is often tho widest 
Msible diffanaico in the facility of making reciprocal crosses. 
Itlch casts an liiglily iminrtaot, for tbey prove that the capacity 

in any two (poena to cross is ofUn completely independent of their 
•yatcUBlla aOinity, tlmt is of any difference in their stnicliirs 
er ooostLlotion, excepting in their reproduc^vo systems. Tho 
y of the result in rsciprocal croaacs between the same two 
la long ago observed by Ktilreutor. To gire an iuatanoc ; 
a JaUpt cnn easily be fertilised by the pollen of M. lonfc'- 
id Ibo hybrids thus producod are suQicientty fertile; but 
enler tried more than two hundred times, dorii^ eight fol- 
% yeaisk to fertilise r«iptoc*lly M. longiflor* with the policn of 
.^ and utterly fatkid. Several othc( eflually striking cmbs 
1 be sivcn. Tbnrot has obsorvod tho sarao fact with certain 
s»w«als or Koci. GUrtner, inoreovcr, found Ihut tiiis dilTurtnec 0/ 
12 
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focilitjr ta making reciprocal croaseB is extremely common In a 
IdBer dogree. He has observed it eren between cloacly related 
fonoB (as Matthiala aimna and glabra) whicli mtoy botaniiti rank 
only as Tarictios. It is also a remarkable (act, that hyltids raisal 
from reciprocal ctdsscb, thongb of coaise compomideil of the very 
same two specicB, the ods species haring first boeo Tiied as tba 
father and then as the mother, though they rarely diffCT in external 
characters, yet geuernlly differ in fertility ta a sinill, and occa* 
•ionaliyiii a high degree. 

Several other eiagular rales cnuld bo given fnim GUrtner ! for 
inatanoe, some ajiccies have n ruinarknble power of cruaxiog will) 
oLbcr species ; otber species of tlje same gcuns have a remarkable 
povrer ol impressing their likeness on their hybrid ol&pring ; but 
these two powers do not at all necessarily go together. Thera an 
certain hybrids which, iostead of hiLviof , b« is ususl.an intermediator 
character betweeo their two parents, always closely reseiuhte 
Ihem ; and such hybrids, though extenully so like me of Ih^ 
pareat-specieB, are with raro eiccptions crtremely sterilB. So 
Amongst hybrids tchich are tisoalty iatcrmuilat« in all 
between their parents, ciceptlonal and abDjontta! indlTidaala 
times are bom, which closely resemble one of theii pan pareotj; 
and these hybrids ore almost always utterly sterile, CTen ithm the 
other hybrids raised from seed from tbe same capaole haTe a con- 
siderable decree of fertility. These fncts show how completely llio 
fertility of a hybrid may be independent of its external roMmblauee 
ta (Htber pure parent. 

Conndeiing the several rales now given, which gnram the 
fertility of first crosses and of hybrids, we see that whan iaarA, 
which must be considered as good and distinct specios, are uaitol, 
their fertility gradimtcs from aero to perfect fertility, or even to 
fertility under certain conditions in ezctsa; that thvir fertility, 
besides being eminently susccpUblo to favourable and unfit van ralde 
conditions, is iimately variable ; that it is by no mnns alwayi 
the Bamo in degree in the firtt cross and in tbe hybrids prodncrd 
from thia cross ; that the fertility of hybrids is not nUled to lbs 
degree in which they resemble in external appearance either pknent; 
and lastly, that the facility of making a first croB between any 
two species is not always governed by their syslematio alBnity or 
degree of reaemblance to escli other. Tbls latter atatsnwvt is 
clearly proved by the diO'erenca in the result of recipncal ere ism 
between the same two species, for, aooocding as the one tpacki 
or the othor is used as the father or tliB mother, then t« gHtftallf 
some ditfcrencc, iitiil eccn^ioiialiy the widcat posalbl* 
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fin the Cicility of effeclbg; an nnioD. The lijbrlds, i 
lyrodaccd fntm reciprocal oroswB oft«n differ in fertitily. 

"■ r do Ibcsa complex and aingular rules indicate tlirt ipccies 
Inve been endowed with sterility simply to prevoDt their becoming 
anfoundcd in ntilure ? I tliiak not. For why shonld the sterility 
C to extremely dttTercnt in degree, wbcn various species are crossed, 
U o( irbicb vre must euppose it would be equally important to keep 
ksm btending t<^tber? Why should the degree of sterility bo 
ulelf variable in the individuals of the some species? Why 
d eome species cross with facility, and yet produce very sterile 
Ifbndci and other species cross vitb extreme difficulty, and yet 
a fairly ferlUs hybrida? Why shoulJ tbero often be ta 
a difference in the result of a reciprocal cross between tlio 
■no two species ? Why, it may even be naked, has the produclion 
if hybrids been permitted ? To grant to species the special power 
tf produciog hybrids, and then to stop their furtlier propagation by 
dUTerent d^reea of sterilily, not strictly related to the facility of 
lib* first noion between tboir parents, seems a strange arrangement. 
Tha foregoing mles and Ikcta, on the oiher hand, appear to me 
dearly to indicate that the sterility both of first crosses and of 
rkfbridi ii simply incidental or dependent on unknown differences 
^ their reproductive systems ; the differences being of so peculiar 
ilid limited a nature, that, in recijirocAl crosses between the same 
•two specios, the male BOiiial element of the one will often freely net 
■OB, Iba feinsle sexual element of the other, but not in a reversed 
<l!rt«tion. It will he advisable to explain n littln more Tally by 
«D cxamplo what I ncDn by sterility being incidental on oilier 
'VDiSBt, and not a specially endowed quality. As the capacity 
>■ plant to be grafted or bndded on another is unintporlaot for 
their welfors in a state of nature, I prenime that no one will suppose 
Jliat this capocityis a sfweiafly endowed quality, bat will admit that 
■ incidental on differoocea in the laws of growth of the two 
fiUtiLh We can lonietimfs see the reason why one tree will not 
Sak* on another, from ditrercoces in Iheir rate of growlli, in thn 
ifckrdnna of their wood, in the period of tho flow or mituroof Ihcit 
«p, ^. ; but In a multitude of coses wo can aasigit no reason what- 
IWer. Great diversity in the liie of two ptnnia, one being woody 
nd tha other herbaceous, one being eve:^een and the otlivr dici* 
and adaptation to widely diffurent climates, do not olwayi 
( lbs two gral'ling together. As in hybrtdisatiDO, so with 



■firafUpjr, tbo capacity is limited by syttematic tl&Dity, f^ 
■■J bocn kbla to graft togothei 



belonging to quite dislicLt 
'losely nlticl *|i<ci<.'r., and ruricliea 
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of tho enmo speciei, can uauajljr, but not inTariably, be gnfled with 
oaw. But tbi» caincity, oi in hybrid iMtion, is tiy no tneans abso 
lu'cly govtmod by Bystcmniio affinity. Although nany distioci 
genura within the eame family have been f nift«d together, in othrr 
caKB species of the same genus will not lake on «ach other. The 
pear can be gmlled far more readily on the quince, which ii ranked 
as a diatioDt genua, thitu oa the apple, -which is a member of tho 
Eumo genuB. Even diOercut varieties of the pear take with diflereul 
Jegrsa of fadlJty on the quince; bo do different TMietiM ol the 
apricot and peach ou certain varieties of the plum. 

As Gartner Eaund that there was Bometimes an iniwle diffOTc nca 
in diflerent individuala of the same two species ii 
Sn^rct believe* this to be tho com with diOereut iudividuall 
the eanie two ipecies in being grafted together. As in reciptf 
crosMS, the faoililyof effecting an union is often very far t 
cqtui, so it sonicltmeB is in graftiog ; the common gaowbcrr; 
iusUvnce, caunot be graflod on the curraut, whircss the cui 
take, though with difficulty, on the gooseberry. 

Wo have eeca that the ateiility of hybrids, which h 
reprodoctire or^ns in an imiierrect oondiciou, is » dlffe 
from the difficulfy of uniting two pure species, which h 
reproductive orgnns perfect ; yet these two distinct I 
cnsei run to a lar^ extent parallel. Something snslogmu n 
in grafting ; for Thouin found thnt three speciei of T ' 
which seeded freely on their own roots, and which 1 
grafted with no great difficulty on a fourth species, whi 
grafted were rendered birren. On the other li&nd, certain *| 
&>rbus, when gmfted oa other species ylcMnl twica p» inn 
IS when on their own roots. VTe are reminded by this Uttr 
tha extroordinnry cases of Hippesstrum. Pasaiflora, Ac whi 
much more freely when fertilised with the pollen of a d 
species, Ih-in when fertilised with pollcri from the some jdan 

Wo thus see, that, althongh thciv is a dear and great di 
between tho mere adhesion of grafted stocks, and the n 
the mala and female elements in the act of reproduction, j 
there ii a rude degree of paiallelism in the results ut gracing al 
crossing distinct species. And as wo must lix>k at I' 
and complex laws governing the fiwility with which b 
grafted on each other as incidental on unknown differmc 
vegetative systems, so I believe that Ih^ still mure tomplex li 
governing the facility of first crosses are incidental on uaki 
tliifemiocs in their reprod active systems. These diffonmocs in 1 
e-.is:^ fiiUow to a cettnin extent, ns tniv'ht linre been csft 
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wttetnttio affinity, by whiuh tcnn every kmi] of resemblance flnd 
'Mimiliuity between organic beings in atiomptod to bo exprvseed. 
be liicU by no taram seem to inJicate that tlie greater or leseer 
difficulty of either grafting or crossing Tarioua Epccies hu been a 
■peciol endotrincnt ; allhough \a the cose of croMing, tlie difScuIty 
ia u iiajiortaDt for tlie ondumnce and stability of EpeciGc funns, 
in tbo cue of erafUng it U unimportant for their welfare. 

Or^Ti'ti ani Caiaa of the Slerililr/ offirit Cretm and ^ 

Hybrids. 

At one time it appeared to me probable, aa it bu to otbere, that 

c tterillty of lint crOEses and of hybrids might Lsvo been slowly 

qtiiral through tho natural selection of slightly lessened degrees 

fertility, which, like any other Toriation, spontaneously appearcil 

certain indiTidoala of one variety when crossed with those of 

■tothor Tandy, l*'or it would clearly be adTontagfious to two 

or incipient species, if they could he kept from blending, 

ime principle that, when man Is selecting at the same time 

too vaiieties, it is ncccflsory that be should keep them separate. 

Ib the first place, it may ba renuirked that apeciea inhabiting 

distinct regions are often sterile when crossed 1 now it could clearly 

lave been of no advantage to sach aeporated ipcciei to have been 

noderod mntnnlly sterile, and consequently this conld not have 

Wo effected through natural selection ; but it may perhaps hv 

KgaieA, that, if a species was rendered sterila with some one 

VPmpatriot, stcriiity with other species wonld follow as a necessary 

lUngcncy. In Ibo second place, it ia almost as much opposed to 

! theory of naloral seleetioti as to that of special creation, that in 

iprocal crosses the mate element of one form should have been 

utterly impotent on a second form, whilst at the some 

mo the male element of this second form ia enabled freely to 

irtiliM the first form; for this peculiar state of the reproductive 

rsleiD could hardly have been advantageous to eichor species. 

Id cinuideiii^ the probability of natural selection having come 

ilo action, in rendering species muttulLj sterile, the greatest 

iflfcaltjr will be found to lie in tho existence of many graduated 

rp* from slightly lessened fertility to absolute sterility. It may 

I admitted tliat it would profit an incipient species, if it wore 

mlcc«ii in same slight degree sterile when crosecil with its parent 

rm or with aome other variety ; for thus fovn^r boitardiscd and 

oDspring would be prolueeil to comioinglc Ihcir blood 

ith the new sfcclet in prcccas of fortnation. llut he who will lalte 

e Imibic to reflect ou the tu^pa L>y which thl^ first degree of 
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Bsa lo me dut iUicmU bm ten bns 
■ iiiriiw Take tfaa om f< tmj twa 

ii&^«Ui oobU brsBT llie carvivml o/ thoM iadlriteU 
■ bfiaMd to be wm^amA in a. (lightly bi^I« degn* «rli!i 

di ■tateto ite9ilTT Trt an adraace of Uib kbd, IT U 

I lliiiiiij iif iiiliiiiliiliiiliiiiiili Tiiiii|,1l li 1 II. t Inn III 

I ilia I mil vitb MMT ipxi<^ for * iiia3litiide are BUtUtallf q^ 

wall aterih Bcvler mxcU wa han rwob 

itiif IB IlKir atmctan and lertilitjr hare hen tlM 

■miiMililnl by Balsnl aeieetiaa, bom an adrantage faa*iiig Imm 

llna vSuedHtj ^tVk tn the cammaiiity lo vhich tbtj beloo^ 

~ ' I of tlw tsma spcciea ; trat an tndiTidaal 

5 Id a fodal tomiiiniiitf, if Rndcftd altebUr 

i aknb vhcs tuwul with imim other ruietj, foold Dot Uw* itxtr 

I pasx mj adraiitase or indinctlT giv« an; advantage lo U«b cthet 

bdiTidoala of the moe raretj, Uuu lea^og to their prtatr T i tian. 

Bat it vonld be snpetflaons to discus t^ qi]««tion in d 
lor vilh jtlants ire have ooacIotnTo evidence that the abrililf j 
crossed species iDDit be dne to Eone principle, quite iodvpendttt 
■utnral aelcctioD. Both Gartner and Kfilreotfr hare proTOi) ll 
gnen incTndin* nciDaotta ipecira, a series can he fontied fi 
■pcciei whkA wbcD nossed jidd fv^m and fewer seoda, t 
which Dcrer produce a attiple srcd, but yet are sSetHed ly I 
poUea of certain other ipedes, for tiie genocs wwlla. It U fc' 
■nanifntly imposiiiile to select the more sterile iodiTldniitfi, « ' ' 
bare tixfstAj ceased to yield seeds ; so that this acme of sterilif 
when the gcrmec alone ts aBccled, ctuinot ban been gained thra 
■election; nnd from the Iftwsgoveruin-theTBmasgradesof aUril 
being so tiniforta throughout the Boinutl and TegclaUo Un^od 
tre maj icftT tbst the caosr, vrhnlcrer It may be, is the ■ 
ncariy tLi« same in all caors, 

Wo will now look a litllp closer at the prolnble Bature 
differences between gpcdi:! whioh induce sterility in fitW c 
and in hybrids. Id tiio cnse of first crosses, Iha giratsr or b 
difficulty in effecting an union andluobtainti^oElspriDgaffaRBtfj 
depends on several distinct canm. lltero mutt someUmM ba ■ 
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phj'sical imposaibility in the male elemont reaching the ornle, ni 
vould b« the CUB with a pixnt having apistU too long for the pDUen* 
tubm lo reich tha ovarium. It has also boon obBtrvcd that when 
tho pollen of one ipecies \% placed on the stiginn of a distantly allied 
BpeciM, though tho polIcn-lubes protrude, they do not penetrate tho 
■ligmatic surface. A)9iin, the male element may reach the femalo 
(ilcincDt but be incapable of cansicg an embryo to be JoTeloped, as 

Itcctna to have been the com with some of Thuret'a experiments on 
Fuci. Ko cxplnoation can be given of these facts, any more than 
wky ctrtiiin ti«es cannot bo gmftrd on others. Lastly, an embryo 
may be developed, and then perish at an early period. This lailer 
Rltamative hoa not been sufficiently attebiiod to; but I believe, 
from obwrvations commtmicaled to mo by Mr. Hewitt, ivho baa 
bad great experience in hybridising pheasants and fowls, that tho 
«»rl/ death of the embryo is a very frequent causo of sterility in 
fint OMMO. Ur. Salter has recently given the results of an 
ittamination of about 500 oggs produced from variouB crosses 
between three epccics of Gallos and their bybrida ; the majority of 
tboM eggs had been fcrtillEed ; and in the majority of the fertilised 
4ggl^ tlia embryos bad either been partially devolopod and had Ihcn 
iwririwd, or had become nearly matnre,but tho young chiclicnB had 
boon nnablB to break through tho shell. Of the chickens vrhich 
■Kvn bom, more than four-Gfths died within the firet few days, or 
■t latMt weeks, " nithout any obvious cause, apparently from mere 
tiialulity to Uto ;" so that from the 600 ^ga only twelve cbickons 
««re reftred. With plants, hybridised embryos probably oR«n 
pcriali in a like manner ; nt least it is known that hybrids raisoi 
(ram WT distinct species are somctinios weak and dwarfed, and 
porisli at an early ago ; of which fact Max Wichura has recently 

given ooma striking cases with hybrid willows. It may be hcra 

^H worth noticing that in somo cases of parthenogoaesis, the ombryos 

^H irlthin the eagfi of lilk mollis which had not been fertilised, pass 

^^^ Ihtongfa thdt cftrly stages of devulopmeut and then perish like tha 

^^B vmfaryM produced by « cross botwoca distinct species. Until 

^^H >e<'Miilf<(. acquainted with these facts, 1 was nnwilliog to believe iu 

^^BflM fnqnont early death of hybrid embryos; for hybrids, when 

^^^^WKC bora, arc generally healthy and long-lived, as we see in tha 

^^H cua of the oonunon mule. Hybrids, however, are differenlly cir- 

I nBiaUnoed before aud afE«r birth: when bom and lirinz in a 

Oonat(7 whore their two parents lire, they are generally placed unda 

■aitaUa eondltiont of lifii. Itut a hybrid poriokea of only half of 

tlw BatBK and conititniion of Its mother; it may theroforo bcfoin 

Wnli, a* long u It i« noarisbcO wiihin its inolbct's womb, or within 
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tbe e^g or awd prcdnecil liy the mother, be c?ipoBcd to coiiditioDs 
in Borae d^rce vnBuitsblo, and const^uently ba liablo to periab st 
AD early period; more especiollj ns all tct? fonn^ being* ■» 
rniineotty scnsiEiTs to injnrionB or onnBtiiial conditi 
But after bU, the cause more probably lies io some imperlecUoa 
tlie original act of impregnation, causing the cmbiyo to be 1 
perfectly developed, rathor tban in the condiUoos to wUch II] 
Kib«iK|Qeiitl7 exposed. 

In regard to the eterility of hybrids,)!) which the KXtiftl eloi 
ure imperfectly developed, the case is somcwIiHt different 1 b 
more than once alluded to a large body of facis shoviog that, n 
nniaals and plants are removed &oin their cfttural coDditious, d 
are extremely liable to have their reproductive syEtenu a 
affected. This, in tict, is the great bar to the doiDestin 
animals. Between the sterility thna superinduced nod tltat fl 
hybrids, there are many poiata of Bimilarity. In both c 
sterility is independent of general health, and is often acco 
by excess of wjxi or great Itucnriancc. In both cases tbe 
oceots in various d^recs ; in both, the male element is the n 
liable to be affected ; but Botnetimos the female more than ^ 
male. In both, the tendency goes to a certain eitent with ^ 
t«matic affinity, for whole groups of animals and plants aT« n 
impotent by the same unnatural conditions ; and whole | 
of species tond to produce sterilo hybrids. On the oUier hood, 4 
species in a group will sometimes rrjsist great chaagei of conditio 
with unimpaired fertility; and certain species in a gronp % 
produce unua)mlly fertile hybrids. No one can tell, till ha tH 
whether any particular anijnal irill lireed nnder eonSnemenI,'4 
nny exotic plant seed freely under cnllnre ; nor con bo tell till T 
tries, whether any two specie* of a genus will prodocA n 
sterile hybrids. Lastly, when organic beings ars placed dut 
several generations under conditions not natural to them, they ■ 
extremely liable to vary, which seems to bo partly dne to tl 
reproductive systems having been specially affected, IhoDgh viV 
lesser degree than when sterility ensues. Bo it is with hybrid;^ [T 
their offspring in successive generations are eminently liable to v) 
as every experimentalist has observed. 

Thus we see that when organic beings sro plared nnder i 
■nd unnatural conditions, and when hybrids are product by ll 
unnatural crossing of two species, the reproductive c 
pendently of the geneiid state of health, is aBTectai In a v 
timilar manner. In tho one case, tho conditions of life have I 
disturbed, though often io so slight n drgree na tn be Inappn 
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llie olbcr case, or that of hybrida, tha external coDditions 
Live remained the saino, but tho orgaiUBation lius been dbturbcd 
by two Jiitiiict Btractures and coiutitutiaiui, inclading of course the 
roi>rotiuctiva e^BtemK, hnriug boca blended into one. For JL is 
■caicelf possible that two organiutiomi fibouli) bo compoanded 
iotOOM, withoQtsome distDibanne occurring m llio devolopment, or 
periodical action, or mutual relatioDB of tbe different parts and 
organs odd to another or to tbe conditions of life. When hybrids 
are able to breed inttr *e, they tranEmit to their offspring from 
^acnttioQ to gcncralioQ the same compomided organisation, aitd 
licDce we need not be sarpiiscd that Ibcir stcrilitj, though io Gonio 
^gree variable, docs not diiniuish ; it is even apt to increase, this 
;Wng generally the result, as before explained, of too close inter- 
Irecding, The above rienr of tho sterility of hybrids being cauEcd 
Vy two constitutions being compounded into one bos been atroDgly 
'inainlained by Max Wichuro. 

It must, however, be owned Iliat wo cannot unilcrstAnd, on tho 
iMtt or any other view, Bcveral facts with respect to the sterility 
pf bybriiU; for loatance, the unequal fertility of liybrids producoi 
Icom rccipnx»l crosses; or the increased sterility in those hybrid* 
«h)d) occasionally and exceptionally resemble closely ^ther pure 
|ai«at. ^'or do I pretend that tl}o foregoing remarks go to the 
not of the matter 1 do explanation is offered n'hy an orgsuism, 
irhcn placed under nnnatural conditions, is rendered sterile. All 
tliat I bsTe attcmpled to show is, that in two cases, in some respects 
■Uieit, ttorilily is the common result,— in the one nsa Irom the 
coDiUUauii of life hsTing been disturbed, in tho otbar cue from 
tha ofganiwtioD having been disturbed by two OTguiisntions being 
coaponoded into one. 

A aimilir psrallallsm holds good n-itb an allic^l yet very difTcrcnt 
claM of beta. It is an old and almost nuivcrsgl belief founded on a 
MDtiderabla body of evidence, which I hare elsewhere given, thnt 
•li^t changes in the conditions of lifo are bcncGcinl to all living 
Ihings. We see this acted on by farmers and gardeners in tbcir 
frequent txchanges of eecd, tubers, Ac-, from one soil or climate to 
another, Kod bsck i^in. Dtiring llu? convulcscenco of animalit 
gnal bsiwGt is derived from almost any change in their habits of life. 
A]!iln, both with plants and animals, there is (ho clearest evidence 
that • CTOsa bvtneen individuals of the same species, which diffi-r lo 
a cvtain citeuti gives vigour and fertility to the otfapnag ; and 
dow iotccbi^ing continued during lovemt gcnerntious between 
ill* MWCBt nlatMns, ^ these be liept under the tamo conditions df 
■ayii Irads to decreased siip, weaktiew. or sipiiUty, 
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Henca it Koms thai, on the one hood, alight cbnngcs in the B 
ditiona of lifo benoSt all orsanic beings, and en the other hand, iMj 
elisht CTOBsca, that is crosses between the malca and femMcs of u 
«ame species, which have been auhjccted to shgbltj diOerent o 
ditions, or -wliich have sUglitly Toricd, give vigour and fartilitj i 
the ofispriag. But, na we have seen, organic beings long babitusd 
to certain uuifotm conditiooB under a state of nature, wheD a 
iccted, as under con&nement, to a cooaiderable chanso in t 
cooditiouB, veiy frequentljr are rendered more or Ion sterile; 
ns know that a cross between two fonns, that have beooine «i« 
or specifically diETerent, produce hybrids which are almost alwaylfl 
some degree atorile. I am fullj pcnuaded thai this doable ^ 
Iclism is by no means an accident or an illosion. Be who is 
to eiplaia why the elephant and a multitude of other aninuls a 
incapable of breeding when kept under only partial confinement 9 
their native country, will bo able to eiplain the primary o" 
hybrids being so genentlly sterile. He will at the mice ti 
abio to explain how it is that the races of some of our domestical^ 
animals, which bave often been snbjected to new and 
conditions, arc quite fertile together, althongh they ai 
(rom distinct species, which would probably have been eCirilea 
aboriginally crossed. The above two parallel scriea of bots » 
to ba eonneolcd together by gome common but imknown t 
which is essentially related to the principie of life; this priliclN_ 
according to Mr. Herbert Spencer, being that life depenila oisl 
consists in, the incessant action and reaction of various 
which, OS throughout nature, are always tending towards a 
llbriuui ; and when this tendency is slightly distnrb«<i by a 
change, the vital forces gain in [loner. 

Jleciprecal DimorphUm and TriiMrjAttJii. 
This subject may bo here briefly discnoaed, ftnd will be fountl In 
Ibrow couiB light on hybridism. SevMtl plants belonging ti.> 
(listinct orders iipisont two forms, which exist in about etiunl 
numbers and which diOcr in no respect except In their Teprodoctin 
iT^ana ; one fonn baviiig a long pistil with short stamens, the ol ' 
a short pistil with Ion; stamens i the two having diCfatently si4 
follcn-groins. With trimorphic plants there ara three timis lilf 
wise difiering in the lengths of Uioir pistils and stamei 
and colour of the pollen-grains, and in some other recpects; and^ 
In each of th« three forms there arc two sel* of stamens^ the tl 
Ivrms possess aKogelhor six Ma of stamens and tltrw kituUl 
pialili. These or^ni. n^> so projiorliuiiwi in length to esrii o*M 
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llrnt half l]ie iUmcm in two of tie forms sUad on a level with 
tliu ilismn of tbo third fann. Now I hnve Ghown, acd tbe rieult 
b«n ctmGinied by other oboerrerB, that, in order to obtain full 
fertility with tbeac plants, it is ueccsKirf ihat the sligma of tbo one 
E[<na ahould be rtrtliiMil b; pollen taken from the stamens of cor- 
Raponding heJKbt in another fortn. 80 that ivith dimorphic species 
two onions, which maj be called Intimate, are fully fertile ; nod 
.two, which nay be called tUcBittmate, are more or less ioferlile. 
With trimor|)faic species six uoions am legitimate or fully fertile, 
.pDd twelve are illegitimate or more or less infertile. 

'lljo infertility which may be obserred in various dimorphic anil 
trimorphid plants, when they are illegitimately fertilised, that is by 
pUlen taken from stamens not corresponding in height with the 
(HStil, diSen much in degree, np lo absointc and utter sterility; just 
in the HUne manner as occurs in crossiog distinct species. As the 
degree of sterility in the Litter case depends in an eminent degree 
flu the conditions of life being more or less faTourahla, so I Lave 
d it witli illegitimate uniouj. It is ivcU known that if pollea 
>f k distinct species be placed ou the stii;ma of a flower, and its own 
ellcD be alWwards, even after a considerable interval of time, 
e same stigma, its action is so strongly prepotent that 
t geitemlly snuibilatcs the effect of the foreign [lolleu ; so it is with 
e pollen of the sevcml forms of the same species, for legitimate 
strongly prepotent over illegitimalo pollen, when Ixith are 
1 the same sti^a. I oscertaineil this by fertilising several 
I, first illogitimalely, and twenty-four hours afterwards legili- 
iialely, with pollen token from a peculiarly coloured variety, and 
~1 tho Ncdlings were similarly coloured ; this shows that the 
gitimtle pollen, tbougU applied twenty-four hours subsequently, 
ad wbolljr dcslroyed or prevented the action of the previously 
Ipplled illegilimalu pollen. Aj^d, as in making reciprocal crosacs 
MtwcoD the same two specie!!, there is occasionally a great dlOcrimca 
a tbi re«ull, so the same thing occurs witbtrimorpJiJa plants; for 
Utance, the mid-styled fonn of Lythnun salicaria was illegitimately 
Frtillard with the greatest ease by itoUen from Ihe longer stameos 
i the sbort-stylcd form, and yitldod many seeds; but tbo latttr 
1 did not yield a siugle seed when fertilised by the longer 
lens of the mid-styled form. 
In all these respects, and in others which might be added, tbo 
■ of the some undoubted species uhon illegitimalcly united 
Khare in exactly the same manner as do two distinct spccioi when 
This k"l nio corofnlly to obsctvo during four years manjr 
Ddlinss, raised fiom iicvcral iUr;;itimale onlous. The cliief rrsiilt ia 
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r mat UiesQ illegitimnte plants, as ihey miiy be caUed, »rc nol lully ft 
tile. It is possible to laise from diuiorphic Epccin, both long-ityl 
and short-fltjled illegitimate plntitg, ond fiom trimorpiiic planu 
three illBgilimala forms, Tliesu cnn llwn b« properly united iai 
leriijmate maDner. Vi'Hea this Is dune, ihora U no njipareol 
why they sfaonld not yield as mnny tcxt\t \/i» did tbeu pmnti 
legitimately fertilised. But audi is not the c^io. llwy an 
tnl'ertilc, in various d^rees ; »omo boiug so utterly and inciita 
alciile that they did not yield duiiag four seasons a linglo aeed 
uven sced-capsula. The sterility of thew iUegitimais pUaii, 
united with each other in a Intimate manuer, may b« cti 
compared with that of bybndfl when crosecd inttr te. il, on 
other hand, a hybrid is crossed with either pure parent-spcelM, 
Bieriiity is usually ranch lessened : and so it i« when an iUegitl 
plant ia fertilised by a legitimate plant. In the sanw maan 
ibe sterility of hybrids does not ulu'sys run paiaUel with 
difficulty of making the first cross between the two parnQl^] 
K) the sterility of certain itlcgitlinita planu was unuso^ly 
whilst the sterility of the union from which they were derive 
by no means great With hybrids raised from tho sarae 
capsule the degree uf sterility is iimately variabH so it ij 
marked manner with illegitimate plants. Lastly, raany hybtida 
profuse and peraistant ilowerers, whilst otiiet and mora ate 
hybrids produce few flowers, and are weak, miswablo dwarfti 
exactly similar cAses occur with the ilk^itiroate oSsprin; oif vani 
ilimorphia and Uimorpbic plants. 

Altogether there is the closest idontity in cliaracterMid behaTiau 
between illegitimate plants and hybrids. It is hardly an «asg|!*- 
r.itioa to maintain tiiat illegitimate plants are hybrid^ pndnoid 
iviihin the limits of the same s;iecies by the inptvper union ol 
certain forms, whilst ordinary hybrids are produced finm an im- 
proper unioa between HMulled distinct specie*. We hare also 
iilready seen that there is the closest similarity in all i«f|«cta 
between first illegitimate unions imd Erst cra«ca between distinct 
species. This will perhaps ba made more fnlly appuent by 
illustration ; wo may suppose that a botaimt fonnd two « 
marked variotios (and snch occur) of the tong-etyled form of 
Irimarphio Lytbtum salicaria, and tbut ha detciinined to try 
crossing whether they were apecifically distinct. Ho would i 
ihat they yielded only about one-fifth of the proper number of stcJ. 
and that they behaved in all the other aboTe specificii tispeclB aa tf 
they had been two distinct specio. But to make the caste sure, b« 
would ruise plants from his supposed lijbri<ti&fil k^I, and he 



Hi net __ 




aiid Trimorpinsm. 



I find thai tiiQ McdlingB were misdablj dwarfed and ullurlj slcrile, and 

that tbcy behaT^ in all other respccta liko ordinary hybrids. iJc 

ltii<;ht then maJntAia ihat ho hod actually proved, in accordance with 

rw, that bis ttvo Tarictics were as good and at diatincc 

■pecie< U luf in the world ; but be would be completely mistaken. 

The IbcCi noiT giren on dimorphic and trimorphio pUiiits nru 

impDftiint, becauM they ehow us, hrst, that the physiological tiit 

i fertihty, both in first crosses atid in hybrids, is no «afu 

eril«riuo of tpecifio distinction ; secondly, because we may conclude 

that there is some nnknonm bond which connecU the infertility oF 

iUcgitimate unions with that of tbeir illcgitimata oSepring, and wo 

«re led to extend the mudd view to first crosses and hybrids; 

Ihitdlj, becaosa we find, and this seems to me of especial importance, 

that two 01 three forms of the Ksme species may e»Bt and may 

1 diircrin no respect whatever, either in structm-e or in constitution, 

1 nIaUivly to external conditions, and yet be sterile when united In 

Rcertaln ways. For we most tEmenil>er that it is the anion of tlic 

■ anxual elements of individuals of the same form, fur instance, of two 

1 lon^tyled Ibnns, which results in sterility ; whilst it ia the union 

oC the sexual clomenta proper to two distinct forma which is fertile. 

Hence the case apiiears at first ught exactly the reTcr«e of whnt 

t>ccun, in the ordinary unions of the individuals of tlie same species 

and with orosscs between dUtinct species. It is, however, douhlful 

nhetiwr this in really so ; but I wilL not enlarge on this obscure 

Wbjret. 

We may, howovcr, infer as ]irobablo from the consideration of , 
I trimorpliio phiuts, that the sterility of disiiuct 
1 crossed and of Ihoir hybrid progony, depends cxcln- 
nthe nature of their seiuai elements, and not on any dificr- 
ire or general constitution. Wo are also led 
e conclusion by considering reciprocal crosses, in which 
tlie male of ono species cannot be united, or can be noited wiili 
gnat difficnlly, wirh tlio female of a second species, whilst tba 
in crcu can bo eficcted with perfect focility. That excellent 
r, Qdrtner, hkuwiso concluded that species when crossed aio 
irtcrllB owing to ililfcrenccs confined to their reproductive aystcma. 

FeTtitit'j Iff VaTietiit tnhen Croiud, and of their Jl/oiijrrf 

Offifring, noC tmiotrtal. 

It may be ur^l, as an overwhclmiog argnmcnt, ihat there niuit 

l^lu lonwi cwontial distiuotion between apvcies and varieties, inasmuch 

■ tfcn btler, howorer much they may differ from each other in 

i appeuanoe, ctvhs niih perfect fscility, and yield pcrfeciiy 
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(tnile o&pHng. With Mroe eiceptioiu, pmcnlly to be f;ivea,< 
full; idmic that thia is the rule. But the lubjwt U turroundod ' 
ilifficultica, for, looking to rarieties ptodoced under qkIiuc, it ti 
fra-ms hitherto repalcd to bo Tuictics be found in aaj d^rae alcrilv 
together, they aie at ouce nuked by most imluraUsta u apenet. 
For instance, the bluo and nid pimpernel, ivhich are conndetcd b; 
most bolaniata ai variotiea, arc said by Gailner to be qait* alerile 
when cnieaed, and ha cobsequcutly rouks them aa nitdoal 
a|iecies. If n'o tkr.i nrguo in a circle, the fertility of all 
l>ci>duoed nodcr mxtuie will assuredly have to be granted. 

If wo torn to mrietiea, producol, or mppoeed to bare been 
iluccd, luidoT domoEticatioa, we are stall isTolvod in some donbU' 
For whea it is slaled, for instance, that certain South American 
indigenous domestic dogs do not readily unite vith European do^ 
the explauation nhich will occur to every oue, atid. probkUy Ihs 
trao otie, ia that they are descended from »borigiD*tl/ diatindLj 
ipccieSL Nevertheless the perfect fertility of so i 
liicea, differing widely from each other in appearance, fcr ii 
those of the ])igeou, or of the cabbage, is a remarkable fact : 
ospeciaily when no reflect how many apecira th«re are, whi 
though reaeinbling each other most closoly, are utterly stcrtla 
iiitercrossed. Several coosideiatioos, however, render the fertil 
of domestic vBiiotiea less remarkable. In the Grat place, it 
be obeerred that the aniomit of external difference betwoen t1 
species is no sure guide to their degree of mutual tterUlty, w 
similar differences in the case of varieties would be no sore gtll 
It ia corttun that with species the cause Uea exclnaivcly in difl 
cnccs in their sexual constitution. Ifow the varying oooditii 
la which domesticated animals and cultivated {JaDtt have 
subjected, have had ao little tendency towards modifying 
rcproductlTO system in a manner leading to muttuJ sUriliiy, 
we have good grounds for admitting the directly cfqxKito d<ic[i 
of ralbs, namely, that such conditions generally eliminato 
I^D'Iency ; to that the domesticated dcEcendanta of speciea, vhlch 
Ilieir natural stato probably would have been in some degree steii 
when crossed, become perfectly fertile together. With plaot^i 
far is cultivation from giving a Icndor.cy toward* atcriiity bet' 
distinct epcdos, that in several wcll-authGntlmtcd cases 
alluded to, certain plants have been affected in an opposite 
for they Iuto become self-impotent, whilst still relsinlns 
capacity of feKdising, and being fertilised by. other sprrics. 
the PBllatian doctrine of the olimlnatioo of sterility IhMngh It 
continued domestication be admitted, and it c-in hardly be rvjn;! 
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it bcoomes la lUc highest dogroe improliablc lliat Bi)Qilar conditions 
lang-cootiuued thoald liketriso indues thia icodcDcy; though in 
certain caaes, with specios haiiog n poculiar coastiCiition, storilily 
might occuionally be thus caused. Thus, na I believe, vre cnn 
undGnlaud why ivith domoaticatod animals varittios b&Te not h;cii 
piudoced which are mulually sterile; and nhj with plants ouly a 
few iQch coses, immediately to be given, have been obserrod. 
The real dillicnlty in out present subject is not. na it appears to 
a, why domestic varieties hare not become mutuallj infcrlilc 
lien crossed, but why this has bo generally ocoucred with natural 
varieties, as soon as they have been permanently modified in n 
■afficient degree to take tank as species. We aie &r from preciselj' 
ing the cause; nor is this surprising, seeii^ how profoundly 
ignorsat we are in n^ard to the normal and almonnal action of 
tbc teproducUvo system. Bat we can see that species, owing to 
(hdr Btn){£le for existence with numcrons competitors, ni)l have 
bem exposed daring long periods of time to more uniform con- 
ditions, than have domestic varieties ; nod this may weU make a 
«id« difference in the result. For wa know bow commonly wild 
■oimals and plants, when taken from their natural conditjons and 
•ubJMtcd to captivity, are Tendered sterile ; and the reproduclivo 
liinctlons of cranio beings which have always lived under nataral 
coudilions would prubably in like manner bo eminently sensitive 
to the in6aoncc ot an unnataral cnna. Domesticated producliong, 
on the otbor luind, which, as shown by tlie mere fact of tbcu? 
domasticalion, wore not originally biglily sensitive to changes in 
tht4r cocditions of life, and which can now geucnilty resist witli 
undiminished fertility repeaU'd changes of eondiiiona, might bo 
:pected to produce varieties, which would be little liable to havo 
tlwir ratvoductivo powers injuriously affected by the act of crossing 
with otfacr varieties which had originated in a like manner. 

I hsTO oa yet spnken as if the varieties of the same s[)ecies were 
Invariably fertile when intercrossed. But it is impossible lo lemsi 
Ibaevidcnoeof the exittenco of a certain amount of sterility in Ihu 
litw [olh>wius COSTS, wliich 1 will briefly abstract. I'ho evidence is 
Im«1 as good as that from which we believe in the sterility of a 
multitode o( spccivi. Iho evidence is, also, derived from hMtile 
witnwsea, who In all other cases consider fertility and sterility as 
safe criterions of specific distinction. Gilrtner kept daring soveml 
yenn a dwarf kind of niaiie with yellow seeds, and a tail variety 
'with red letds growing cur each other in his garden ; and althoo^ 
UuM plant* have scfatratcd sexes, they dotct natnmlly crossed. 
lla Um retUllnd tliirtocn tloweix of iho one kindwitli pollen of Iht 
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other; but only x Bingle head pmluci^ uty Beed, and thb aw 
h<^ad produced only five grains. UaaipulatioD ia this cue could 
nol hare beca injurious, m the pbnla have Kporated aexei. Ko 
ODC, I believe, lias susjicctcd that Ihcae varieties of n»iiil an 
distinct speoics; aud it is importaDt to notice thnt Uio liytaM 
plants Ihns taised wuro tliemeelvra ptrfeeily fertile ; so thftt men 
HiiitDGr did not Ventura to consider the two varieties aa spwlficsUf 
diatinct. 

Ginni de Buzareingnea crossed three varieties of goard, wbkA , 
like ibe maize has sepsnitcd seiee, and be asserts that theit mutual 
fertiUsatioD is b j so much the less easy as their diflerenOM ait 
gTMter. Uow far these experiroenls may be trosted, I know It ~ 
but the forma experimented on are ranked by Sageret, who mBinf 
founds Ma ctassiRcation by the test of iaferlility, as vi 
Naudin has come to llio ennie conclusion. 

The followiug ease is far more remarkable, and seems at fin* 
iacrediblo ; but it is Iho result of an astonishing numbo' of e: 
menla made during many yeara on cine species of Verbascum, \ _ 
sn good an observer and so hostile a witness as Girtner : IiaiQ«1]|J 
that the yellow on^nvhite varieties when crossed produM le«* H 
than the siinilnrly coloured varieties of the some species. Morei 
he asserts that, when yellow aud white varietica of one cpci ' 
crossed with yellow and white vaiicties of a ditUnet i_ 
more seed ia produced by the crosses between tbo aimllaij 
coloured fiowera, than between those which are differently onloutv 
Mr. Scolt also has espcrimented on tha species and variMks 4 
Verbascuin ; and although imable to eonflnn GKrtner'a r 
the crossing of the distinct species, ha finds that the dit 
coloured varieties of the some apeciet yield fewer seeds, in 
portion of 86 to 100, than the «u)ilariy coloured varieties, 
varieties differ in no respect except in the oolour of their tUartM 
aud one variety con aometimes be raised from th« ised of uothn-. 

KolreulCT, whoso accuracy has been coofirmed by every nibseqiir 
observer, baa proved the remarkable fact, that ona ]«riieulai 
variety of iho common tobacco was more folile than the c ' 
rnrietiea, when crossed with a widely distinct species. Ue 
mentcd on fire forms which are commonly r«puied to ba v: 
ind which he tested by the severest trial, namely, by re , 
crosses, and he found their mongrel offspring perfectly fertile. 
one of these five vnrietivs, when used cither as the father or tc 
and crossed with the Nicotiaua glutiuosu, alwaya yielded hybrid* n 
so sterile as those which were produced from the fimr other rai ' 
wbcn croswd with N. el'ilinnsa. Henci- lb" r»prt*tiioilT«' r 
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of thii one faiictj must h&TO bcea in some manner and in eociu 
decree modified. 

From these facts it can no longer be inaintnined that variolics 
when croascd aro invariably quite fertile. From the groat difiiculty 
of Bsocruining the infertility of rarietiDS in a state of nature, for 
a mppned variety, if proved to bo infertile in any degree, would 
almost univenally be ranked as a epecics ; — from man attending; 
only to external characters in his domestic varieties, and from inch 
T>ri#tiM not having been exposed for very long periods to uniform 
eondition* of life; — from these Kveral considerations wa may con- 
rlude that fertility does not constitute a fundunental distinction 
between varieties and species when crossed. The general sterility \\ 
ot crceaed species may Eafely be looked at, not as a special acquire- { 
tnent or eadmrment, but as incidental on cluiuges of an tinkiuiwn i ', 
oalQrc in their sexual elements. ' 

Egbridt and Mongrel* oomparrd, independently nf their 

/KHUity. 

Independently of the qnoEtion of fertility, the olTspring of species 

Bnd of Yorieties when crossed may tio cunipared in several other 

Kapecta. Girtner, whose strong wish it nas to dnin a distinct line 

I betweoi species and varieties, could find very fow, and, as it seems 

■ toln«i.qBitonnimpoclant dttTerencos between the so-called hybrid 

~ g of species, and the so-called mongrel offapring of varioticti. 

d, ou tHe eUler hand, they agree most closely in many important 



1 shall here discuss this subject with eitreme brevity. The most 
important distinction is, that in the tirst generation mongrels are 
moro Tariabto than hybrids ; but GSrtact admits that hybrids from 
•pecics which have long been cultivated are often variable in the 
firtt gmeratioQ ; and I have myself seen striking Instances of this 
bet. Qirtner further admits that hybrids between very closnly 
allied specirs are mots variable than those from very distinct 
(pMies ; and tiiis shows thnt the dilTereuce in the degree of varia- 
UUty graduates away. When mongrels and the moro fertile hybrids 
' ITB {copagated for sevaral generations, an extreme amount of varia- 
' bility in the ofisprin; in both cases is notorious ; but some few 
* of both hybrids and mongrels long retaining a unifonn 
chancier cotild be givea The variability, howorer, in the auccea- 
live generations of mongrFls is. pcrhai'A, p«ater that in hybrids. 

Thia ptater variability in mongrels than in hybrids does not 
■am at all mrprUin;;. I''or the parents of mungrols are rarietio, 
lad mostly domcstio Tarielieo (very feiv rxji-rimcntii linving baaa 
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tried OD Datural Tarictles), and Ibii implies that tiiero has bnn 
leccat variability, which would often conlinae and would augment 
that arising from the act of ctoesiDg. Ths slight varinbiiily ol 
bybrida in the fint generation, in contiast nith that in the at 
iog gencmtioDs, is a curioits fact and dtaerrcs attention. Vur il 
bears on ths view nliiib I have taken of one of the aaaa ' 
ordiuary variability; namely, that the reprodnctiTe sj^tem £ 
being eminently Boniiitive to changed coaditiooa of life, filla m 
thiisa ctrciUDStanccs to perfonn its proper function of pnjduc 
uBaprlng closely «milar in all respects to the parent-foTm. K 
hybrids in the first generation are descended from spcuei (excluding 
those long-cultivated) which have not had their ccprodnctiM 
syalems in any way affected, and they are not vaiiahle; 
hybrids themsctvce hare their reproductive system* senna 
aUecteJ, aod their descendants are highly vorinble. 

But to return to our comparison of mongrels and Iiybridsu 
Gartner states that mongroU are more liable than hybrids to k< 
to either parent-form ; but this, if it be true, is certainly coly a 
fi'rcnce in degree. Moreover, Girtner expressly states that hybr 
from long cultivated plants are more subject to reveiaioa tliH 
hybrids from species in their natural state; and this )iro)s1>l]i| 
oiplains the si ugular difference in the results arrived at bjdi" 
cbservers : thus, Max Wicbura donbts whether hybrids ever n 
to tlieir parent-forms, and he experimented on nnculttvated speclM 
<>f willows; vtbilst Kaudin, on the other haiidi,iD«sta b 
terms on the almost univeissl tendency to revenion in bybridi 
^nd he experimented chiefly on cultivated plants, Gartner fnrtbt 
slates that when any two species, although meet clo«ely allied I 
each other, are crossed with a third species, the hybrids are wld«^ 
different from each other; whereas, if two vary distinct rorictiea a 
one species are crossed with another species, the bybrida do n 
differ much. But Ibis conclusion, as far as I con make out, 
founded on a single experiment ; and seems ditwtly opposed to t1 
results of several experiments mode by KQlreuter. 

Such alono are the tmimportant differences irbicb Gilfliier is . 
to point out between hybrid and mongrel plaoU. On the o 
hand, the dej;roes and kinds of resemblonco in monjtcU and bi>] 
hybrids lo tlioir respective parents, more especially in hybridl pw* 
iliioed from nearly related species, fallow according to GuOua the 
ume laws. AVben two species are crossed, one has acxnetiiiKB a 
lirepoicnt power of impressing its Ukeness on th« hybrid. So I 
beUevo it to be with varieties of plants; and with animal* mm 
5«rioty e<!rlaicly often has this prepotent power orcr anotlMr 
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Torietj. llirbrid plants produced from a reciprocal cnisB, geDcmlly 
Rsemblo each otbur cloaely ; &□>! bo it is ivitli mongrel I'lnots from 
Iprocal crosa. Botb hybrids and mongrcla can bo reduced lo 
either pare parcsb-fonn, by repeated erodes in aucccsstve genorations 
with either paroct. 

These Bcvenil nmBrka ore apparently applicablo to ammaU; but 
the sobject ia here much com plicated, partly owiag to the existencG 
of aecoDdary sexual chamctora ; but more especially owing to (ire- 
potency ia transmitting likcocss ninning more strongly in one »'X 
thut in the other, both when one Epeciea is croBscd with anodicf, 
and when one Tariclyis crossed with aoother variety. For instanc, 
* think those oDthors are right, vho maiDtain that the ma has n 
impotent power over the Lorsc,so that both the mute and the hirniy 
memble more closely iha ass than the horse ; but that the pre- 
polency runs more strongly in the male than in the fctnnlc aas, so 
the mule, which is the ofTnprtng of the male ass and marc, U 
I like an asa, than is Iho hiiiny, which is the ofTsprtng ot the 
(annle-tai and stallion. 

Much stress has been laid by aomo authors on lliB supposed foci, 

that it is only with moogrels that the offxpring bib not iutemicdiitto 

in chuacter, but closely resemble one of their jiacents; but this docs 

imetimea occur with hybrids, yet I gmnt much less frctiucntly 

ion with mongrcU. Looking to the crucs which I hsTu collcctid 

'croM-bred animals closely resembling one parent, the rcBcmblancca 

Km chieQy confined to chftractera nlmost monstrotis in their nittiin', 

)d which haTe suddenly appeared— such al Blbinism, melanism, 

defieieDcy of tail or horns, or addltionnl Sngcnuid toes; anddoiiol 

iciatc lo characters which have been slowly aciiuircd through selec- 

A tendency lo sudden reversions to the perfect character of 

Bilher parent would, also, be much more likely to occur with mongrels, 

'hich ar« detccndcd from varieties often suddenly produced aud 

■ monstrous in character, than with hybrids, which are descended 

(pociea slowly and naturally produced. On tho whole, I 

ily Kgrce with Dr. Prosper Litcas, who, after arranging an 

CDonnoas body of facts with respect to nnimals, comos to the con- 

InsioD, that Uie laws of re*embhuico oT the child to its parents are 

Iho Munc, wh«iber the two parents differ little or much from each 

namely, in Iho union of individnals of the same variety, or of 

lifforpnt mrlclieii, or of lUstinct spccira. 

Independently of the question of forliliry and sterility, iu ail 
ilher mpecls there seems to bo a genrraL and i.1o>e simihrily in 
he oSipring of crossed species, and of erosaei] varieties. If we 
Mk ftt ipecCc* M having been specially created, aod at varieties M 



bnving been produced by secondiry laws, tliis airoikrity wocid 1| 
»□ astODishJDg Qict. But it harmomses perfecUy with the t' 
that there is no essential distiaclion between species Bad nuMlimi^ 

/ SumTTVay of Chapter, 

First CTossea between tonus, lufficiently distbct to b 
■pedes, sjid their hybrids, are very genenlly, but oot iuiiTrn4 
etfirile. The iterility is of all degrees, and is often lo slight tl 
most careful ezperimeDtalists have arriTcd at diametrically opp 
conclusions in ranking forma by this test. The slerilily ia ' 
Tariabla in inaividoaU of the same species, and is (rmiiM 
susceptible lo the actiou of farourable and unfaTOUrable condi^t 
The d^reo of Bterility does not strictly fallow lyKtcmtttJo a 
but ia governed by sovcrat curious and complex Uwo. lti»p;i 
different, and sometimea widely diflerent, in reciprocal croases bi 
the some two species. It is luA always equal in d^ne in a 
cross and in the hybrids ppodnced from this cross. 

]n the same manner as in grafting tr^es, the CApieity of i 
species or variety to take on another, is incidental 0( 
generally of an unknown nature, in tbcir vegotatiTo syvttma, U 
rroBiing, the greater or less facility of one species to unite « 
another ia incidental on nnknowa dificrenccs in their tep 
pysicms. There is no more reason to think that species h 
BpeciuUy endowed nith variotu degrees of sterility to prevent tl 
uroBsing and blending in natnre, than to think that treca L 
specially endowed with various and somewhat analogoos d^ 
of difficulty in being grafted losether in order to prevent t 
inarching in our forests. 

The sterility of first crosstes and of Ihcir hybrid progeny hs 
been acquired through natural selection. In the case of Drat ci 
H se«rDB to de[>end on several circnmstances ; in somB 
chief part on the early death of the embryo. In tho eueof bybt 
it apparently depends ou their whole oi^aniMlioii haling I 
disturbed by being compounded from two distinct forms i 
sterility being closely allied to that which so frequently sJfecls p< 
B|iecies, when exposed to new and unnatural conditions o' 
Ue who will eiplun these latter cases will be aUe to explain 
Bterihty of hybrids. This view is strongly supported bya pualLoI 
of another kind : namely, that, firstly, slight changes in th« ( 
:tttioas of life add to the vigour and fertility of all or^tnic leioj 
Bad secondly, that the crossing of forms, which have bn-n «: 
■lightly different conditions of lifoor which linrcTarLn1,fsruQrs4 
rise, TJaour, and fertility of tlicir offapriiig. The fscls giw 
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■tcriUtjr or the illegitimate unions of dimorpluo imd trimorpliic 
plants &ud of ihcir ille^timate progenf, perhaps render it probable ' 
that some hdIedowti bond in &11 cases connocts the degree of fertility- 
of first unioiu with tliut of their offs]iring. The consideration of these 
fccts on dimorphism, as well as of the results of reciprocal crosses, 
.deArly leads to the conclusion that the primary cause of the sterility 
of CTDOed tpecies is confined to diSerenccs in their ■ezual elements 
£ut why, in the ciua ot distinct species, the sexual elemjints should 
ao genenlly bare becoiM mote or loss modified, leadiog to their 
mntual infertility, we do not know ; bat it seems to aland in some 
dow rclatioo to species bnviiig been exposed for long periods ol 
'fim« (0 nesrly uniform conditions of life. 

It U DOl surpHsicg that the difficulty iu croasii^ any two species, 
d the sterility of their hjbnd offspring, should in most coses ccr- 
Kspond, eren if due lo distinct causes; for both depend on the 
Uioiuil of diOereuca between the species wbloh ore crossed. Kor 
b it auf prising that the lacility of effecting a first cross, and the 
fcrtility of the hybrids thus produced, and the capacity of Iwing 
pnftcd together — though this latter capacity evidently depends on 
ftidely different circumstances — should all run, lo a certain extent, 
{tnillel with the aystenmiic sfGnity of the forms subjected to expo- 
^nent; for Bystcmotic alTmity includes resemblances of all kinds. 

)c« between forms known to be varieties, or sufSoieotly 
ilika to bo considered as Tarieties, and their mongrel oBspriog, arc 
T«ry generally, but not, as is so often stated, invariably fertile. 
Jiot is this ilniost utiivstBal and perfect fertility surprising, when 
'i is remcisbered hotr lioble we are to argue in a circle with respect 
D varictiea in a slate of nature ; and wheu we remember that the 
greater Dumber of varieties Lave been produced under domestication 
Vy the (election of mere external diflerences, and that they hnve 
it b(<on long exposed to uaifonu conditions of life. It should also 
It Mpecially kept in mind, that long-conrinaed domeaticalion tends 
elimiiuto sterility, and is Ihereroro little likely to induce thii 
una quality. Indepeudently of the question of fertility, in all 
thee mpccti there is tho closest general reeembhtnca between 
lyWida and mongrels.— in their variability, in their power of 
(bsorUng each other by ropealtd crosses, and in their inheritance 
)(ch*nctot« Ifom both i<ar(!Ut-tortns, Finally, then, aUhuugh wo 
• 0* Ignorant of the prccisa eaiise of Iha sterility ot Drat croaaes 
id of hybrids at «a an why tAimals and plant* removed from 
at utuial conditions become sterile^ yet tlio facts given in Uiii 
not tttsDX lo nie opposed to the bvlioT that spwici 
ibni^KaUy «xislcd lU vnrlcIirH. 



CHAPTER X. 



Os Tn« 1m r; 



K THE G^LoaicAi. Bcnui 






t numbtt — On Uw l>|a( of 






t}a tbi tbtcnix of iDtennediite ii 
of eitinct iiilcnn«iiri)e thiu 
tisnt, at iorerred from the r 

the UpH or liiDt M eiUnuted lij jran — Oath* pooncnof 
tolegioil collfctioni — On Ihc iatcnatttfocs orgcaloglol fo 
On Ihc deanditinn of griDitic xnu — On the abwoea of la(«Tm*lI*i( 
Tuietict inUTona formntion — On the indden ippewue* of er«Dp> al 
fpetis — On their aodden Rppcarance In the lovnt laHnra fimililcroiu 
nrita — Antiquity b( the hthiuble airth. 

Is tbe Uitli cbnptcr I cimniFrat<id the eliief objectiona which mlghi 
be justly uri^ed o^iiist tlia views maiutaioed in UiU TOti 
Most of tbcm havQ pon' booa discussed. One, lutnirij Ihe 
tincttiGsa of Gpecilic forma, and tbei: not being blended fa^cUxi 
bj innumeralile tranaitioiukl Hnln, ii a xetj obrknis diffimltr. 
1 assigned rensoiu why such liokH do not commonly oomr at tfcf 
present day under tbe circmnstnacos apparenlljr tDO«t farourmUe for 
tbeir presence, namely an »n citcnsiTo and continunu* »j«* willt 
gisdunleJ physical conditions. I endeavoured to sboir, thai 
life of eni^li Epedea depends in a more important manner 
presence of other already deOncd orgauio fonna, than on c 
and, therefore, that the really governing conditioiu ot life do 
graduate away quite insensibly like heat or moiitaro, 
voured, also, to ehow that intermediate Tirietiea, IJom 
lesser numbers than tbc forms nhich they csnoect, will gem 
be beaten out and citennioatcd diirins the coniM of fnrtlier 
calionand improvement, 'llio main caase, however, of Insi 
intermediate links not now occurring everywhere throughout 
depends on the very process of natural selection, tbroa|;h vhi 
varieties continually t-nke the places of and aupplant their | 
forms. But just in froportion il this process of extenninati 
acted ou an coomious scale, to must the number of intenne'! 
Ttfieties, which have formerly existed, bo (ruty cnonnmia. 
tten is not every gcobsica! formation ii»i1 pvi-ry Htralum (i; 
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■nch intennediate links? Geolog/ assnreiily lioea not reroal an; 
HDcb finelj-gradoated organio cbnjn ; aud this, pcrhnpa, is tbo most 
obvigns knd seriouB objectioD which can beurgvd ngninst the theory 
Tbo expluistioa lies, as I bclievo, io the extreme ituporrcctinn ol 
ibo geological record. 

la the fint place, it shottld alwayn be borne in mind what sort 

[ intcnnediata rormg mnst, on tlic theory, havo fonnerly eiistcil 

liava foQDd it difficult, nheo looking at any ttro Epecies, to avoid 

ictuiing to myielf fotma dirtcl/ij intormodiate between Ihem. But 

ii is a wholly talse view ; we sliould always look for forms icter- 

betwcsn each species and a coimcoo bat unknown pro- 

itori aod the progenitor will geacrally Uave differed in some 

fioia all its modifiod descendants. To giro a eiinpla 

iluitratioD : tbo fantail and pouter pigeons are bolh d^c«n<led 

■om the tock-pigeon ; if we possessed ail Iho intermediate varieties 

ihich hare ever existed, ne should liavo an extremely close eeriva 

ptwoeabotb and the rock-pigeon; but we should haTS no varieties 

iTCClly inlcrmedialQ between the fanlail and pouter; none, for 

■stance, combining a tail somewhnt expanded with a cron some- 

Irbat entailed, the characteiietio features of these two breeds. 

EChcM two bteeds, moreorer, have become so much modiQcd, 

historical or indirect evidence regarding their 



I, it would Dot have been pofoiblo to have (ictormine'I, from u 
tyaoro companion of Iheir structure with that of the rock-piseon, 
lO. liria, whether (hoy had descended &om this species or from some 
oUier allied fono, such as C. oenaa. 

80 with natnral species; if we !ouk I0 forms Yory distinct, for 

Inttonce to the horse and tapir, wo have no reason to suppose that 

djnotly inlormediato between them ever existed, but betwceTi 

and an onknowa common parent Ibe common parent will 

,]Mv« had iu its whole organisation much ^jcncral resemblance to the 

||apir and to the horse ; but in some points of structure may have 

diOetod considerably from both, even perhaps mors than they 

"ilbrT from each other. Hence, in all such cases, wo should be 

laUo to recognise the parent-fum ct any two or more species, 

19a if we closely compared the stracturc of the parent with that of 

■ modified dosccndanis, unless at the same time we bad a oenrly 

ohaia of tho intermediate links. 
It la just possible by the theory, that tine of two living forms 
lt;bt have descended btrm the other ; for tnstauce, a horse from a 
I this CSM dirttl intermediate links will have existed 
). Bat such a case would imply that one form had 
a very long period unaltPrcJ, wlul?! its lirsccnilnntt 
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Dsd nuddgone n Tact aiuouiit of cIwd^; Bud Ibe priikdple of a) 
petition between orguiiam uid orgaiumi, betv«en chilti and p 
will reoder lliii a vciy tare event ; for in all caica tha nci 
ioiproTed i^iTua of life tend to EDppliwt the old u>d BAimpniTt 

By tlie tbeorf of natnral selection ill living spccia hata bent 
coQDected with iho parent-cpcctcs of each genus, l>y diSctoiuxs no! 
greater than ue sen betneen the nutorai and dumestio Tatietia 
of tba suae species at the present dn; ; and theoe pumt- 
species, no^r genetallf extinct, liaie in tlieir turn been amilailj- 
connected with more aacieat fornis ; and so on tockwardi, alway* 
(OUTorging to the common ancestiw o( eiKb great c' 
the mimber of inlennediale and tmnsitional link^ belwMD J 
living sad exiinct s;iccica, must hare been inconceivably gnaL , 
iisiurvdlj, if this theory be true, such hato lived npon llu cartli. I 

On Oit Lopte of Timt, at infrrrtdfnm Ihe raCt <f V^amtwn a 
ez(f)i( o^ DtnvdtUiem. 

Independently of our not Gnding fosul remains of sntli infini 
numeroua connecting links, it nuiy be objected that time c 
Lave sufficed for so great an amount of organic chanfn, all v' 
bavin" been cSccted slowly. It U hardly pofsibis for i: 
recall to the reader n'bo is not a practical geologist, the 
leading the ioind feebly to comprohend the lapsa of t' 
who can read Sir Charles Lyell's grand wort oa the Friac 
iif Geology, which the future historian will recognise as having p 

dnced a revolution in natural science, and yet does not ailmlt h 

vast have been the past periods of lime, may at once cIom thi* 
Tolume. Not that it sufSces to study the Principlea of (ioologjr. 
or to read special treatises by diS^vnt obtervers on sepantu 
foimatioiiB, and to mark bow each authtf atteupti to £Jfd a 
inadequate idea of the duration of each formation, or tfea of ua 
Etratom. We can best gain, soma idea of pelt Lime by knovi 
the agencies at tvork, and learning how deeply tha lurCaco of tl 
land has been denuded, and how much sediment haa been dopoiitt 
A a Lyell bss well ranorkcd, the extent and thickucsa of O 
inentary formations aio the result and the measure of the doi 
dation which the earth's crust bos elsewhere nndeigoi 
a man should examine for himself the great piles of tuperinipc 
strata, and watch the rirulcta bringing down mud, and th* ««^ 
wearing away tbo oaa-cllfTs, in otdct to couprehend tcmcthii 
about tlio duration of past tinie. the moiiumonta of ufliick Kk J 
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II b good U> wander along Uio coai(, when formed of moderately 
lurd rocki, and mark the process of degradation. The tides in 
most casta reacti the cliBs odIj for a abort time twice a day, and 
(he wares eat into tliera only when tbey are charged with sand or 
pebbles; for tlicre is good evidence that pure water effects nothing 
JD weuiug away rock. At last the base of the ells' is nodennined, 
huge fngmeots fall down, and these, reroaining fixed, hare to be 
worn away atom by atom, Hutil after being reduced in siie they 
can be rolled about by the waves, onJ then tbey are more quickly 
ground into pebbles, Band, or tnud. But Low often do wo tee along 
the ba«es of Tetrcating cliffs rounded boulders, all thickly clothed 
bj marine productions, showing how little they are abraded and 
how leldom they are rolled about! Moreorer, if we follow for a 
few miles any line of rocky olilT, which is undergoing degradntion. 
ve find that Jt is only here and there, aloug a short length or 
nmnd a [iromontory, that the cliffa are at the present time suffering. 
Ihe appMranco of the Eurface and the regctation show that else- 
where yean hare elapsed since the waters washed their base. 

Wa hare, howerer, recently learnt from the obserratiDDS ol 

Ranuay, in the van of many excellent observers — of Jukes, Qeikii^, 

Croll, and others, that subacrial degradation is a much more ira- 

porlaat agency than coast-action, or the power of the waves. The 

whole surface of the land is exposed to the chemical action of 

the air and of the rain-water wilh ils dissolved carbonic acid, and 

In cddir counlries to frost; the disinttgrotcd matter is carried down 

gentle slopes duriog heavy rain, and to a greater extent than 

mielit be sapposcd, especially in arid districts, by the wind; it 

[Js then Innsporlod by the streams and rivera, which when rapid 

ij4eep<RX tbdr channels, and triturate the fragments. On a rnloy 

day, «Tcn in a gently undulating country, we see the effects of 

Kibacrinl degradation iu the muddy rills which flow down evcty 

jtope. Uessn. hamsay and Wbilakcr have tbotm, and the ob- 

atrration is a most striking one, that the great lines of escarpnivnc 

in the Wealden district atid those ranging across England, which 

JUrmeriy were looked at ai ancient sea-coasts, cannot hare been 

*"ic« fimned, for each line is composed of one and the some forma- 

I, whilst otLT seo-cliffs are everywhere formed by the intersection 

ttflOQ* formations, This being the case, we are compelled to 

lit that the escarpments owe their origin in chief part to tlio 

of which they are composed having resitted tubserial di«u- 

lea better than the surroanding surface ; this surface conse- 

itly bai been gradually lowered, with the lines of harder rook 
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left projectiag. Kothing iraprewcs the mind with the »»st dmal^Mi 
of time, according Id our iJcns of time, more fordblf thuk the noi- 
viction thus gaiaed that subicrial i^cociea which appnrcntlj bii« 
to littte power, luid irkich aecm to trork so Blowlf, bare prodncixl 
great results. 

When thus impreseod with ths slow rat« at which the hmd ii 
worn Bwa7 through subaerial and iLttonl action, it ia good. In older 
to appreciate the peut duration of time, to consider, on the one hand, 
the masaes of rock which hare been mcavcd orcr many eiteo- 
BiTB aroaa, and on tho other hand the thickness of out sedimeotarf 
formaliona. I remember having been much atnick when Tiewing 
TolcaDic islaods, 'which have heon worn by the wavei aod pared 
all Touiid iuto periiendicular cUiTs of one or two theuMud foet in 
bcight ; foe tho gentle slopo of tho hiTa-Blreama, due to tbdr for- 
merly Ui]uid state, Ehowed at a glance how far Iha bard, lockj 
bods had onco extended into the open ocean. The WBa story ii 
told still mora plainly by faults, — those gnat cracki along which 
tho Btntta havs been upheaved on one aide, or thrown down on 
the other, to the heiglit or depth of thousaoda of feet ; for unoe the 
«rust cracked, and it makes no great diSerence whether tba ii{>- 
heaval was sudden, or, ns moat geoli^ists now believe, was slon 
and effected by nmny starts, tlie surface of the land baa bera no 
completely planed down that no trace of these vart diilocatlons 
ii externally visible. The Craven fanit, for instance, estendi for 
upwards of 30 milca, and olang this line t^ verticgJ disptacemeiit 
of tho strata varies from GOO to 3000 feet. Professor BaDuay his 
published an account of a downthrow in Acglttea of 2800 feat ; 
and hs informs me that he fully behoves that there is one in Vitrisi- 
nethshiro of 12,000 feet; yet in these caaiw there is nothing on 
the aurfacs of the land to show such prodigions movements \ t)>o 
jnle of rocks on either side of the crack having be«nsmaoth)y swrjit 

On the other band, in nil parts of ths world the piWs of tfiV- 
mcntorj strain are of wonderful tbickDCM. In the CordUient 1 raii- 
mated one mass of conglomerate at ten thoviand fiel; and altboogh 
CDDglomcnias have prubobly been sccmnoUted at a quicker nte 
than finer sedimanls, yet from being farmed of worn and tvnnded 
pebbles, each of which bears the stamp of time, Ibsy are good to 
show how slowly tho mns must have been heaped logatbc*. Pro- 
fussoT Ilamaay baa given mo tho maximum thickceas, from actuil 
meaaurement in most cases, of the successive formatioas In dlftmA 
puU of Great BriUin ; and this is the resnlt :— 
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Pilcoiaic ntnilii (not iaduJiaE igacacu Ma) .. .. 53,151 

Sumadarv rtrau 13,190 

T<niir7>traU a,a*0 

—making altogether 72,584 fcot ; that is, very ncnrly Ibirtcon ond 

.^rc^^tuutcra BritlKh miles. Bomo of the IbrmatiDiis, which are 
tlepreauited ia EDgtand by thin bods, ara thouEnnds of feet in 
tliickneai on the Continent. Moreorer, between each mcceMive 

iiMQWtioa, wc have, in the opinion of most g?olog!?tG, blank perindr 
onnouB lengih. So that the loft; pile of sedimcniaiy rocks in 
in givee but an iDadoquatc idea of the time which bu elapsed 

.diuiog thoir •ccumuUtion. Tbe condderation of theee vnrious factti 
itii{fftMe* the mind almoet in the sama manner u docs tbe Tain 
tndMToar to grupple with the idea of etcmity. 

Nwenlieless this impression ia partly folso. Mr. Croll, in on 
fnltrtnii^ paper, remarks that we do not err "in fonning too great 

* conception c^ the length of geological periods," tot in estimating 
Ihcm by yean. When geologists look at large and complicat<^d 

iphmomBD*, and then at the (ignre* repreeenting several million 
jBWB, the two produce a totally different effect on the mind, niid 
ibe GgnieB are at ones prononnced too small. In regard to subneiinl 
denudation, Mr. CroU shows, by calculating the known amount ol 
aodiniEiit annually brongbt down by certain rirera, relatively to their 
Kow of drainage, that 1000 feet of solid rock, as it became gradu- 
ally diwntcgntcd, would tlius bo remorod from the mean level ol 
the whole ares in the conrm of six mitlioD years. This seems nn 
Utoniahlng result, and some considerations lead to the suspicion 
ihM it nay bo loo lorge, but even if halved or quartered it is still 
»«ry •upriiing. Few of us, however, know what a million ronlly 
meaua: Ur. Croll pvei tlie followiog illustration: take a narrow 
•trip oT pkper, 63 feet 4 inches in length, and stretch it along the 
wall of a lar^e liall; Iheu mark off at one end tbe tenth of an inelt, 
-^bia tenth vf an iocb will repreaont ouo hundred years, and (he 
•stiro atrip atnillion year*. But lot it be borne in mind, in relalion 
,to tlia cubjeot of this work, what a hundred years implies, repre- 
•csted — it ll by a measmi: utterly insignitlcaiil in a hall of llie 

icbera dimeneioni. Bevcral eminent breeders, during a single lilo- 
liiin>, h»Te (0 largely modified some of the bi;^icr animals, which 
|>mpBf;»ta Ihoir kind much more slowly than most of tlio lower 
anlmala, that they have rormed what well deserves to be called B 
new aub-bteed. Vvvt two. Imve attended with duo care to any ou 
•itmia Cor mnre Uian Iialf a contary, so that a hundred years tepta- 
«rt>(h«Kork rf Iwi IrtiiWi ' .-•... 
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2J3 The PiMrncss of out vau-. X 

foud Uut spfcla ia m fUta of ititiiic erer cbuje m qtucUj M 
docMMic «"i'n»l» uDiler ihe ^idance of mrthndical idecUon. Thu 
oompuisoa vinitd ba in every vaj lurer witli tha eSeel* okkfa 
fottow ftom micOEucion* lelectioo, tbU u Ibe preaemlion «t tit* 
most (ueful « leaabful laiiuds, inth no intention of madifyiDg 
the breed ; but b^ ihia {icocrai o( naoooKkrrs mIccUoo, rtaaa 
breeds bare been teiuiblf duu^ed in the coune of two cr tlin* 



Speciei, hcxrcrn-, probab'.y change much more ilowly, and vithia 
the lanie ctumtrj only » few change at the nma time. ThSa ilo*- 
ness followi from all the inhabiUuta of ihe tame oountty twin; 
already to well adapted to each other, that new place* in th* polil]' 
of natore do not txcai nnta aftei long intervala, doe to thd ooexif 
rence of physical changn of aome kind, or throogb the unnufntion 
of new forma. Uoreorer variatJimi <n indiyidnal diffennata of tha 
ri^ht natuie, by which lome of the iohabiCants might ba bett«r 
Gtlcd to their new pbccs itaiei the altered ciramutanccn, wootd 
not always occur nt once. Uufbrtunateiy we hare no mrana of 
ditenniuing, accoidiag to the standard of yean, how long a period 
it takca lo modify a apeciea; but to the (ubject of time wo mwl 

On th» Poonteu y etc FalmmUiHogieal Ccffcctiun*. 

Now let n> turn to OUf richest geological mucnma, and what 
a [altry display we heboid 1 Thut our collecUon* are imperfect it 
admitted by every one. The remark of that admirable palieonlo- 
lo^ist, GdiT&rd Forbes, ihoold never he forgotten, namely, that vary 
many fossil species are known and named from (ingle and ofun 
broken ipedmens, or from a few speciuiena collected on aoma stw 
spot. Only a small portion of the surface of the earth has been 
geologically explored, and no port with inCGcient car^ as the im- 
portant discoveries made every year in Europe pnvB. No organism 
wholly eoft can be preserved. Shells and bonei decay and disappear 
« hen left on the bottom of the sea, where aedimont ia not accumu- 
liting. We probably take a quite erroneous view, when we assums 
lliat Bidiment is being deposited over nearly the whole bed of tix 
«.•», at a rate sufficiently quick to etubod and preserve fosail remain*. 
'HirDUghout an enormously largo proportion of Ihe ocean, the brishi 
Uuo tint of the water bespeaks its purity. The many cases on 
record of a formation conformably covered, aClcr an immwit* 
interval of lime, by another and bter formation, withoat the nndcr- 
lying bed having raCTered in the interval any wmr and tMr,tctn 
eiplicnbla only on the vicTv of Iho bottom of the sea not ttwly Ij" 
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(or ages in on iinaltcred ooDdltioo. Tbo remains trhich do become 
•mbeddod, if in tnnd or gravol, will, when the bcda Bre npraiaed, 
gmtTaUy be disEOlred by the percolation of rain-water charged with 
nrbooic acid. Some of the man; kinds of animalii which live on 
tiie beocb between high and low water mark ecem to bo rarelj pro- 
KTVcd. For instance, the sevonil species of the ChthamaltniB (n 
nb-fomily of sessile cirripedca) coat the rocks all aver the world in 
bfiuita nnmbfrs: they are all strictly littoral, with the esoeptjon 
of ■ single Uedilcrrsnean species, which inhabits deep water, and 
Uiis hu been found fossil in Sicily, whcrem not one other species 
a hitherto been foond in any tertiary formation : yet it is biown 
M the genas ChthamaluH existed during the Chalk period. Laitly, 
'man; great deposits requiring a vast length of lime for their occh- 
BiaUtian, are entirely dcetitato oforganic remains, without our being 
~ le to iHign any reason : ona of the most striking inatances is 
Uof the Flysch formation, which consista of sbole and sandstone, 
rmJ thousand, occaeiunally even six thonaand feet, in thickness, 
■Dd extending for at Ifost 300 miles from Vienna to Switzerland ; 
d altbonjh this great mass has been most carefully searched, no 
faails, except a few vegetable remains, have been founr^ 

With respect to the terrestrial pToductions which livoQ dnring 
Uie Secondary and Faheozoic periods, it is superflaous to stale that 
Mir evidence is fn^nicntaiy in an extreme degree. For inetnncc, 
mtil rexntlynot a land shell wss known belonging to either ol 
ttesa vast periods, with the exception of one gpccles discoTorod by 
Sir 0. Lyell and Dr. Dawson in the carbon iferotis straU of North 
America; bQt now land-sbclls have been found in the lias. In 
n^wd to mammiferous remains, a glance at the historical table 
published in Lycirs Uaivoal will bring home the truth, how acci- 
dmtol and rare is their preservation, far better than pnges of detail. 
Kur ii their rarity surprising, when we tememlier how large a pro- 
portion of the bones of tertiaiy mammals have been discovercil 
dlbtr In csvea or in lacustrine deposits ; and that not a ears or \nw 
luiistriDt bed is known betooging to the age of our secondaiy or 
]n1«c«dc foniiati<-ins. 

Dnt the imperftction in the geological record largely results 
ftwn another and moru important cause than any of the foregoing: 
Uincly, from the several formatlous being sqparatcJ from each 
«tbct by wide inttsn-nU of lime. This doctrine hai been emphn- 
tiaUIy kdmittcd by many geologists and palKontologista, who, liko 
B. Forbw, eolirely disbelieve in the chongo of specie*. Wbcn we 
'M0 Uw roriDktlons UbuUt«l in writtra work*, or when we follow 
O la BClntTiit ii difflcnlt to avind believing that they are closely 
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coDSGCDtivc. But we know, for uisUnce, fnrta Sir R MurcbunnV 
great work on RubsIo, what wide gaps there iro in that ccmntrj' 
lietweeD tbe Biiperini posed formations; so it ia in Norlh Amerki, 
and ia miiny other parts of the woild. Thu most skilful geoloi 
if bis BttcntioQ had been eonfintd exclusively lo th«M Ioi^b t 
ritories, would never have Hiispected thnt, dnring the periods w" ' 
were blank and barren In his own coonny, ercxt jmIcb 
charged with new and peculinr forms of life, bad olsewbera \ 
accumulated. And ir, id each separate territory, bardly m/af id 
can bo formed of the lonstb ot time which has cUpsed between tf 
coiisecntivp fonnatlons, we nvij infer thnt ibis could nonbcri \ 
ascenalocd. The frequent and great changes in Ibe minemlo' * 
compotiition of cooieautivs formations, generally implying i 
changes in the geography of the surroandin^ land^ whence t] 
sediment was derired, acconl with the belief of vast Iiitcm!#j| 
tune baling elapsed between each formalioa. 

We can, I think, see why the geolopcal framations of cacli rr 
ar« almost invariably intonnitlent ; that is, have not followed n 
other in close sequence^ Scarcely Roy fact itmck nw more wd 
examining many hundreil miles of the South Ameiitan eoosti, w 
liavD been upraised several hundred feet within the norat jn 
than the absence of any recent di-posila auCiciently oitensire 
for oven a short gcolo^cal period. Along the whole west o 
which is inhabited by a peculiar marine fhnna, tertiary baU w 
poorly developed, that no record of several lucceasiTB and pecn 
marine fannaa will probably be preserved to a distant age. A IT 
reflection will eiplain why, sltoig the linng const of the w 
nds of South America, no extensive fonoationa with rwcnt 1 
tiary remains can anywhere be fonnd, though tiiB mpply ol 
must for ages have been great, frum the eDora 
the codst-rocki and from muddy atrrnmi entering the a 
esplaoalion, no doubt, is, that the littoral and snb-liltwsJ driprxllt 
are contbually worn away, aa soon as they are brought tq> Yy \\w 
slow and gradual ri:>ing ol the land ivitbin the grinding acttiiin of 
the coast-waves. 

We may, 1 think, conclude that sediment most bo •eentnulali'l 
in extremely thick, solid, or cxteoslvo maisca, in order to witlKtand 
the inccasa&t action of the waves, when first upraised and during 
successive oscillatboi of level, as well m the sub3n)T;cnt mhiatul 
degradation. Such thick and extensive Becumnlatiuns of irdimnil 
may be formed in two ways ; either in profound depth* of the ira, 
in which caac the bottom will not bo inhaUltd by so nsny and 
such varied forms of lire, as the more shallow vha \ tiid the ma« 
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nprauad wUl give an imperfect Kcoti of the orgnnisnis which 
KisUd in the neighboorhood dtning the period of ilB uccumuliLttoii. 
"r, sedimant may be deposited to any thickness and extent over a 
Aalloir bottDiD, if it contuiUG B^owly lo aubeide. la this latter case, 
a lODg as the iiit« of aubsidcnce and tbs auppiy of sedimcat nearly 
l-hilsiue each other, tbo sea n-ill romaia ■hallow and favourable for 
Bnuuiy and vcuitil forms, and tbus a rich foKuUfcroiii forinatioti, 
■ thick cDDiigh, wiieD upraised, to resist a lar^c amount of denudation, 
p Buy Ic funned. 

n conviac«d that nearly nil onr ancient formations, nhich are 
' tlirougluiat the greater port of their thickiicsa rick in/ossili, have 
tbua been f<>naed during aubsldeocc. Since puhliahing my vlewa 
on this Bobject in 1845, 1 bavo watched tlio progreia of Geology, 
Odd bave becQ surprised to note how author alW author, in treat- 
iog of thia or that Kreat fonoatioD, baa come to the concIUBion that 
it was Mcumulated during subsidence. 1 mny add, that the only 
ancient tertiary fomutiou on tha west coast of South America, 
which has been bulky enough to resist such degradation as it has 
aa yet suffered, but which will hardly last to a ilbUinl geolo^cal 
age, was dopo&ilcd during a downward osciliatiou of IcTcl, nnd thua 
gainnl considerable tluckness. 

All esological &cts tell us plainly that each nrea haa nndergons 
nmootoua atow oscillations of luvel, and apparently these oscillations 
V affected wide ■paeca. Consequently, fortnatioua rich in fossils 
id snOkiaQlly thick and eiteoaiTe to n^ist subsequent dognwiatioo, 
rill bavB been formed over widesfaces during poriodsof subsidence, 
fat only where the supply of sediment was sufficient to keep the 
I ahallow and lo embed and preserve the remains before they had 
• to decay. On tlie other baud, as long as tlie bed of tlie aea 
* aUtionary, tliicb deposits cannot hare been accumulated 
'tn the ihallow porla, which arc the most favourable to life. Still 
lea* oaa this have bappenod during the allernale periods of elavntion ; 
IK, to apiak more accurately, the beds which \cere then accumulattd 
will g«aerally have been destroyed by being upraised and broiiglit 
wltldn the iimita of the conet-^iction. 

'ni«o remarka apply chiefly lo Ultoml and sublitloml deposits. 
Id the case of an extensive and aballow sea, such as that within a 
\»rfft |Brt of the Malay Archipelago, where (be depth varies from 
34 or 40 to 60 fathoms, a widely esteuded formation might be 
(mt^ during a period of elevation, and yet not suffer ciceiuiively 
fram denodatiOD during lis slow upheaval ; but the thickness of the 

tsMtion could not be gioat, for owing to (he elcvatory movement 
WQOld be Uaa than the do['lh in which it uaa formed ; nor wouid 
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im dcpnait be Docih CBBtolidilw^, vat be »rt«^ ^ overfjinx fa- 

I tbst h mnU ran ■ good duuee of titing w«a an; bf 

c dc^odatkn and bf tbc meSon of tluxft ^srin; mb- 

t OHiIUtiaai o( kviL It bai, bowcTtr, been aoggtMei b)r 

E. Hoiddsa, tbat U one put of the ana, lAor Tuiog and befotc 

■ W^S dfiakd, n)I«id«d, tbe dcpxU fomed during lite thuk novc- 

l,tbaa^liot tbid,]iii^taJleiwardsbeooaMpnrttctedlFrGtnb 

— ■^^-'>— -. and Ib&a b« preterved foe a long period. 

Mr. Hnfifcipa abo uinnBa bu bdicf tliM sedimoitaTj bed) cf 

WwbAmMi hwMoiital exlect hare nrElybeeo oompleWl j deiliOTtii. 

liXtt di gtatofflrtt, (xoqAiog tba b* wbo beliere tbat our pnsml 

' 'da and plalcnie roda ooce foriDed tbe pHmotdul 

■ «f Ito ^obc. Till admit that tbeie btl«r rocks iuro been 

« ef tbdr emrai^ to an enoniioTu eitcnb For it b acand.T 

~le that iveii iwka ooold havB bwo aolidi&ed and OTitalliicii 

It meCTend ; bnl if tliQ metamoqihic action ooomBd ■( pn>- 

d dtfKbs of iho OMao, th« fannv protecCiog muUe of rock 

r DM banc been very thick. Admittu^ then Ibat gndM, mica- 

~ t, psnile, diorite, &&, wen onca neceasantf ooverud np, boir 

B wa acooBot br tbe naked and eitensiTe anai dL ancb nick) in 

7 pacta of tbe worid, except on tbe bdief thit Ibej biTc lob- 

'j been canfletal; denuded of all overlyiiig iliata 7 Thitt 

•I do eiiit camwl be donbtod : the gtaoitio irgiun 

I ■( hrinw ia dcaaibeil by Hmobotdt as beiog at least ninttecn ttmni 

I ii kn^ •• Switmlaad. South of the Amazon, Botii oolocn an 

mpoaed of rods of tbia uataic aa eiioal to that of Spiin, 

Vtaooe, Italy, jait of Gennany, and the British lalaoda, alL cu 

joined. Thi* ngioa haa not been carefully explored, Imt iiom If 

coDcuTTeDt testimcray of trarelloa, the graoitie area is TCty U 

ibos. Tod Eachvcge gires a detailed arctiDn of tbne ro 

ftretcbing fmin Rio de Jaoeiro for £G0 geographical niloi ioland ■ 

adivght line; and I traTellnl Sur 150 laikeia aoollier dirtctii 

and Mw nothing bat gnnitic rocks. Namennu specimeni, o 

lected along tbe whole cooit from near lUo Jandro to the inoiitbd 

ibe Hala, a distanoe of 1100 geographical miies, were examined \ 

^Ae, and they all belonged to this class, loluid, along tbe 1 ~ 

■iMirtbem bank of the Plata I caw, berides modern tertiary bod^ oi 

11 |«lch of slightly melamorpboaed rock, which alone v. 

hare formed a part of the original capping of tbe gmniilo m 

I'uniing lo a well-known r^on, luunely, to tbe United Stair* u 

Canada, as shown In Professor E. D. Rogers's beautiful nup, I hare 

ntimatcHl the areas by catling out and weigbiog the paper, and I 

CdJ that the nctamorpbic (excluding "tho scnii-melaiiioijihio'^" 
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and granlUc rocks cice«d, ia the proporlion of 10 to 12'S, the nhgle 
of iho newer Falxozoic IbnnatioDs. In initDy rcgioca the mcUmor- 
pbic and granitio rocks would be fotmd much mora widely cxiendei) 
than they appear to be, if all the Bediroeotary beds wore rcmovud which 
Teat uneonfonnably on them, and which could not have formed part 
of the original TDaDtk under which the; were crystallized. Heuce 
it is probable that in Boms parts of the world whole formatioos bnve 
been completely denuded, with nut a wreck left behind. 

One remark is hero worth s passiog Dotice. During perlocU of 
devatioD the area of the laod and of the adjoioing sbool ports of tlie 
«n will be increased, and new stations will often be fbnned;~alt 
circumttADces [sTourable, as previously explained, for the rormatlon 
of new TiirieticE and species; but during such periods there will 
geacnlly be a blank in the geological record. On the otber hnod, 
duiiog subsidence, the inhabited area and nimilwr of inhabitarits 
decrease (cioepting on the shorea of a coolinent when first 
b«ken up into an archipelago), and cooBequeDlly during subaidcncG, 
Ifcougb there will be niQch extinction, few new Tarieties or species 
ItiU be fonned ; and it is during these very period* of enbeidence, 
Ibat the deposits which ora richest in fossils haTe been accumulated. 

On Vit Ahtenn ijf Nui 

From thrse several oonsidcmtiunii, it cannot be doubted that tlic 
geoli>gical record, viewed as a whole, is extrenjely imperrect 1 but if 
«e coaline our alteution to noy one formation, it bccnmcs much 
more difficult 10 understand why wo do not therein find closely 
palliated varieties between the allied specica which lived at ilr* 
icncement and at its close. Several cases are on record of the 
species presenting varieties in the upper and lower ports ol 
the same formstion : thus, Trsutschold gives a number of iDslances 
villi Ammoniles; and Hitg^ndorf has described a most curious esse 
tt tan giaduoted forms of PlaDorbis multiformii in the successive 
ted* of • fresh-water formation in Switserland. Attbough each 
Jbrmation baa indisputably required n vnst number of years for iti 
iltion, several reasons can be given why each should not com- 
moaly ioctude a graduated eerice of links between tlie species wjiicli 
(Wed Bt Its commeucement and close; but I cannot assign duo 
|a<Oportioiial wngbt to the fallowing considerations. 

Altbwgh each romulion may mark a very long Ispec of years, 

cb prohaWy is abort compared with Ibe period requisite to change 

« apccie* Into another. I am aware that two |Mlavntolcigiita, 

VltfM epiltkraa are worthy of much deference, namely Bropii and 
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Woodwarcl, havo concluded that Iho i 
ma^oB is twice or thrice oa long as thi 
forms. But inaupornblo difficnltiea, a; 
from coming to ooy juat cdqcIusioq c 



vera^ danttioii of each Us- 
averse duration of apcciric 
it Kcms to me, jffcrent u 
this bead. ^Vben we «m: 



speciea fint appearing in the middle of any formation, it mmld 
rash in the exireme to iofn tbnt it hod not cUcwhcj^ prcvii 
existed. So again when we find a speuea disappearing beforo 
last InyerB have boon deponlcd, it would bo equaily nsb to ni| 
that it then became extinct. We /oT]got how amal) Iha KMftl 
Emupo is compared with the rest of Iba world ; aor 
Mveral Etagrs of iho same formation ihrougbout Europo 
related with perfect accuracy. 

We may tnfely infer that with marine animala of all kindi thtn 
has been a largo amount of uigmlion due to climaul and other 
chougea ; and nhen we tee a spcciea firat appearing in any forma- 
tioD, the probability is that it only then first iromigntted tnCo that 
area. It is well known, for initance, that BCTera] spedca appeared 
somewhat enrlier in the palocoioia bedi of Koilli Ameria tban in 
Ihoee of Europe ; time having apparently been requlnd for 
migration from the American to the Emvpean 
the Intest deposits in various quarters of the world, it hu 
where been noted, that some few still existing Bpecies 
in the deposit, but havo become extinct in the immodialely 
rounding eea; or, oonTcrecly, that sumo are now abundant in the 
neighbouring sea, bnt are rare or aliaent in this perticnlar dopoail. 
It 11 an excellent Icaaon to reScet on the ascertaioed amount of 
niigralion of the inhabitants of Europe during the glacial 
nhich forms only a part of one whole geolo^cal period ; and 
wise to reflect on tho changes of level, on the cxlrenio changa 
climate, and on the great lapse of time, all iarIod«d wlU>u " 
siuie glacial period. Yet it may be doubted wfaethcr, ii 
quarter of the world, sedimentary deposits, ia^iaiiiig/ouO rtmai 
hnvG gone on accumulating within llie Gome tn± daring tba 
of this period. It is not, for instance, probabla that Mdimcnt 
deposited diving tho whole of the glacial ptriod near the mouth 
tho £f ississippi, within that limit of depth at which marine oni 
am best flourish: for we know that great geographical cbai 
occurred in other parts of America during thi* *pac« of tim*. Wl 
such beds u ironi deposited in shallow water near the mooth of 
Mississippi during Eome port of the glacial period shall hai 
upraised, organic remains will probably fitst appear and dli 
at diOercmt levels, owing to the migratioDi of specira and i 
paphicnl chwjgcsL And in the distant fnfurc, a geologisl, eiai 
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Ibese bnli, nould be tcmt'ted to conclude Ibat tlio average duiatiOD 
of Ufa o( tbe embedded fusails bad been less tbsa tliat of ihe glacial 
penou, iaeUttd of baviog beea realljr Cir grealer, th&t U, extoodtnp 
lom before Uie glaciaL epocb to the present daf. 
In order to gat a perfect gradalton between two forms in the upp«i 
d lower parla or the eomo formation, the deposit must hftve gone 
pQ coDtinnoualj aocnmulating during a loDg periid, snfficicDl for 
Ibe Blow piDCcM of modification ; hence tlio deposit must be b ver? 
Duck one ; and (be Bp(?cics undergoing change miiBt have lived in 
a district throughout the whole time. But we have seen 
Uial a Ukick formntion, foasilifcrous throughout lla entire tUioknese, 
n acdunulalo onl;f during a jieriod of 8ubsiilciu:e ; and to keep Ihe 
itepth ■pprosimat«ly the saiue, which is necessary that the same 
marine species may live on the eatiie space, the supply of Nidimcnt 
must noatly counterbalance the amaunt of subsidence. But this 
movement of ■ubsidenco wilt tend to submetge the area 
whence the Kdlment is derived, and thus diminish tho supplj, 
Irhilsl the dowDwacd movemeot conlinun, Jn fact, this nearly 
■X balancing between tho supply of sediment and the amount of 
is probably a rare eontingcncy ; far it bos been obscrvoti 
r more than one poheoutologUt, llint very thick deposits sro 
iwully baiTcn or organic remains, eicept near their nppcr or lower 



It wtmid seem that each acparnte formation, liko tho whole pilu 
Af fomialiiitts in any country, haa generally been intermittent in its 
Koumubition. When vte set^, as is so often the case, a formBttou 
(ompoMd of bwla of widely different rainenilogical composition, wo 
piay Kaoonsbly suspect that the process of dcposltioa has been 
more or leas iatemiplcd. Nor will tho closest inspection of a fur- 
toation give ns any idea of tho length of time which its deposition 
insy have coQicnivd. Huny inalances contd bo given of beds only 
ft few feet in thickness, representing formations, which ate eltc- 
«har« Ihonsands of feet in tlilcknesa, and which must have roquirol 
n Boorrnous period for their accumulation ; yet no one jgnonmt of 
bii fiicl would have even suspected the vast lapse of lime rcpro- 
nted by iho thinner formation. Many cases could be given ol' 
be knrar beds of % (bnotion having beeu upraised, denuded, sub- 
^KBed, Bod then rc-oovcmd by the nppr bois of the soroo funaa- 
lion, — facts, showing what wide, yet easily overlooked, intervals 
M*" occurred in its aodunulaUon. In otiier cases we bavs the 
lilsitiesl ovidnice in great rostUlsed tncn, slill standing upright u 
^ey pvw, of monj long lutcrvaU of time and changes of Iwd 
Jnnng the pmc™ cf dcpnait'on, nhich would not have bi«iln» 
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peotcd, liad not the trees been preserved : thns Sir C. Lyell Kid 
Dr. DawsoQ found curbonifuroua bed) 1400 feet thick in Kota 
Scotift, with ancient root-bearing strata, one Rbare the other at do 
Ices than eiity-eight dlfforcnt kvola. Uenco, wbea Ibe nme «;jccini 
occurs at the boltooi, middic, and top of a formation, iLo prota- 
bility is that it has not lived on the same spot during the whole 
gicriod of deposition, but has disappeared and rcappcued, pertanp* 
many times, during the samfl geoh^ical period. Consequently if it 
ivcre to undergo a considerable amount of modification during the 
deposition of any one geological fQm:iatian, a section would not in- 
clude all tho fine intcrn:ediale gradationa which must on oar ihocrf 
have existed, but abrupt, though perbapa slight, changes of fonn. 

It is all-importsnt to rememhcr that natnraliBts have no golden 
rule by which to di&tiuguisb apccies and varieties ; they grant 
bomo little variability to each specica, bnt when they mrat with a 
Komewhat greater amount of difference between any tiro formal 
ihcy rank both as sptTieB, ttnlesa tbey are enabled U> oonn 
together .by the closuat intermediale gmdationa; and this, froi 
the reasons just assigned, we can seldom hope to eOeet in any m 
gooli^cal section. Supposing B and C to be tno tpeciea, anii f 
third, A, to 1» found in an older and imderi jing bod ; e " " " 
wore strictly intermediate between B and C, it would simply ) 
ranked as a tltird sod distinct ipedn, unless at the aamo titne (I 
eoiitd In cloficly connected by intermediate varieties with either ons 
or both forma. Kor should it bo forgotten, as befcro enplaiopd, 
ihat A might be the actual progenitor of B and C, and yet would 
not ncocEsarily be strictly intermediate between them in all itspn^ 
^o that wo might obtain the pnrent-speeics and its tcvoral modified 
di'scondants from tbo lower and upper bc^ of Ihe samo formatioOi 
>ad unlcsB we obtained numerous transiUonsl gradations, w« ilinuld 
not recognise tlieir blood-rulationship, and ahcmld cuoaoqiieittjy rank 
them aa distinct speciM. 

It is notorious on what eicessivcly slight diffetenoos many jmUc- 
outolopsla have foundtil tbi^ir species ; and they do this the mote 
readily if the epcciincna come from dilTerent autt^tagea of the same 
Ibrmation. Some experienced oonchologisli arc now ainking many 
of tho very fine species of D'Orbigny and otbeis into tlui rank of 
varieties ; and on this view wo do find tho kind of svidsica of 
change which on the theory we ought to find. Look tgKO at Ibo 
later tertiary deposits, which include many shells belioTod by the 
majori^ of nalumliits to be identioil with existing apDcia ; but 
•oms excellent naturntiBts, ns Agossii and Piclel, mainUia thai all 
thess tertiary fr*.t:c' tiru a;vt:rHri\lk dislinc'-, Ihouih (Ire liltlinelloa 
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ia kdmitteii to bo very slight; «o Ihat ber?, anicra ire bctieva (but 
ibese eminent nuturalUtB Iiato been mialRl by their imngmaliniiii, 
And that Ihcm lale tertiary npecies rrally f i«scnt no difTerence whst- 
•ror from their living represcntatires, or unless we admit, in oppu- 
'^tion tothe jodgmcDt of most luitiiralistB, that these tertiary speciiH 
kra all trul7 diatiuct from the rrccnt, we have evidenca of the frt- 
qufTit occiiTTEDco of sHght modificiilianB of the kind required. \{ 
I rather wider inlcrvals of time, namely, lo diglinct but 
cuuacculivo stages of the tame gnat furmntion, wo find that the 
•lubcddod fossils, though DDiTcnally mnbcd as spcciQcolly diflerent, 
jrct ars far more closely related to each other than are the species 
fotind in more widely separated formntious ; so that here again n-u 
lwv« Qodoubted evidence of change in Ihc direction required by the 
theory; bat to this latter subject I sliall return iu the following 
chapter. 

With animnls aod plants that prci|iagnte raiudly and do not 

mnder much, there iii reason to suspect, as we liare formerly seen, 

that their varieties arc generally at fint locnl 1 and that such local 

t not spread widely and supplant llieir pnrent-torms udIU 

4lioy btvo been tnodifled and perfeoted in soroo considerable degreu. 

.Accxcdiag to this view, the chance of discoveiing in a formation tn 

•ny one country all the early stagea of tranaitioa betiveon any tno 

JbnDB, ia small, for the successive changes arc supposed to have 

been local or confined to some one spot. Uost marine animals hare 

wida range ; and we have seen that with planis it is those whiuh 

svo the widest range, that ofteuest present varietiea ; so that, wilji 

tbella and other tnarine animals, it is probable that those which 

bad the wideat ran^e, far eicceding the limits of the known fico- 

Icgiotl Ibrmationa of Europe, have oftcnost given rise, lirst lo locnl 

nrictiA and ultimately to new apecics; and this a^n would 

fycatly lessen tho chance of our being able to tisco the sia^ca <A 

ition in any one geological formation. 

It is a moro important consideration, leading to the ssms rcsulf, 

labjy insisted on by Dr. Falconer, namoLy, tjiat the period durin>; 

irhich each specie* nndoiwent modiiication, though Ion? as nieasnrcil 

liy yean, was probably short la comparison with that during whii'h 

ll remained without undergoiog any ch.injo. 

It should not ba forgotten, that at tho present dny, h ilh perfect 
Mimnia for examination, two forms can seldom be connected by 
il«tinadJat« varieliei, and thus proved lo be the same SF«cieii, 
util many specimens src collcctird fium many places; and with 
Biil Bpreica ihis cnn rarely be done. Wo shnli, perhaps, bent pa- 
i*« the iroiirobabilily of onr bring cunblcd lo coimect spreioo 
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by Dvnienina, 6ne, ialennediato, fosMl links, b; uUng onnelTei 
whether, far insunce, gtologista at K>me futnre period will bn«hl« 
to prove that bur different breeds of cattle, aheep, bone*, aixl dog* 
nre descended from a stDgle stock or lioin Eevenl iiborisinal aWcki j 
or, agiin, nhether certain aoa-shellB inhabiting the (Iton* of North 
Amorica, which arc ntnked by some concbologists >« dluinet ipccic* 
fmni their European rcpiescntatiTes, and by otbo' canchnlo^ti •• 
only Tuieties, are really Tuictics, or are, as it i« called, tpeeifically 
distinct. This couid bo effcctod by the future geokgitt only by 
tis liacorering in a fos»l Etalo numerous intermediate giadUMaM^ 
and such aticcess is imprubable in the highest dttgree^ 

It bns been osscrled over and over as°i°i by writer* whn betwn 
in the immulahility of species, that goology yields no linking fonns. 
This aiucrtio)!, as we shall ace in tbs next chapter, ia certainly 
erroocouB. As Sir J. Lubbock has remarked, " Every tpcciea It a 
link between other allied Cirms." If wa take agBDos h»Tiiigaamra 
of apecios, recent and extinct, and dolroy fonr-^flht of them, no 
one doubts that the remainder will ttacd much tnore diatinct from 
each other. If the citreme forms in the ^nua happen to liavo 
Wn thus destroyed, the genua itself will statid more diatinot (rotu 
other allied genera. What gcolo^cal research hna not leTvakd. i* 
the former niatence of infinitely numerous j^radationa, aa flno W 
existing varioties, connecting together nearly all existing and extinct 
species. But this ought not to be expected; yet thia baa becD 
repeatedly advanced as a moat serious objecljon gainst my rioB«, 

It may be worth while to sum np the foregoing remaricton lb* 
causes of the imperfection of the geological record tindor an imap* 
nary illustration. The Malay Archip^go ia about the siao of 
Europe Jrom the North Cape to the Mediterranean, and from Bdlain 
10 ItuEsia ; and therefore equals all the geological fomiBtJons which 
hnve been examia«d nith any accuracy, excepting thon of the 
United States of America, I fully agree with Hr. Oodwin-Aaslcn, 
that the present condition of the Ush-iy Archipelago, with its n'ime~ 
tiDUt large islands aeparatcil by wide and shallow Beat, jstibably 
reiireseiits the former state of Europe, whilst moit cf our fonaatbu 
were accumnliiting. 1'ho Malay ArchtpcJogo la one «f Iba lidtM 
regions in oi^nic beings ; yet if all Ihr species wii« lo be ooUcntal 
wliich have ever lived there, huw imi^rfn'tly wonld th«y r«l«n*nt 
the natural history of the world I 

But we have every reason to believe thai tho teneatnal ]ao- 
ductions of the archipelago w-ould be prmerred in an nlnraaly 
imperfect maanor in the formations which tb mppoao to b« tbMB 
Bconmulating. S'ot many of the Etriclly liltt>nl attimnU, <a «tj 
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tLoie wliich liv»d on naked anbmarine incks, w«iild bo embedded ; 
And tboH embedded in gravel or sand would not endure to 11 disUnt 
epoclu WiieroTer aedimant did not acouDio!nto on the bed of Iho 
•ea, or where it did not accutnulate at m infficicnt rate lo protect 
organic bodies from decay, no remains could be preserved. 

Kormatiaiis rich in fo»iis of manj kinds, and of thicknces 
■nfficient to last to an age ns distant in tutiuilj- as the aecondary 
formations lie in the ]iast, would generally be formed in the archi- 
pelago only during periods of aubsidenco. These ]>eriods of 
■ubsidenM would be Gcpanil«d ftoiu ench otlier by unmenBe inter- 
Ta!» of time, during which the area would bo cither stationary or 
rising ; Trbtlst rising, tbe fosailiferous formDtlona on the steoper 
iihorcs would be destroyed, almost as soon as ooeumulaled, by 
the incessant const-octioii, as we now see on the shores of Soiilh 
America. Even throughout the extensive and shallow seas within 
tlio wcbipelaso, sedimentary beds could hardly be accamiiktcd of 
great thickness during tbo periods of elevation, or become capped 
and protccled by subsequent deposits, so as to have a good chiuice 
uf cndiiriog to a very distant future. During the periods of tub- 
•idencs, Ihcro would probably be much extinction of life ; during 
the periods of elevation, there would bo much \-arialion, bat the 
geological record would then bo less perfect. 

It nay be doubled whether tbe duration of any one great period 
of Bubsidenco over the whole or part of the archipelago, together 
with a conteinporaDeousaccnmutation of sediment, would (xeeed the 
average dunttion of Ihe same specific forms ; and these contingcn- 
cice ore indispensable for tbe preservation of all tbe trenational 
gradations between any two or more species. If snch gradations 
were not all fully pteaerved, transitional varieties would merely 
•ppoar as eo many new, though closely allied species. It is also 
probable tlist each great period of subsidence ivould be interrnptod 
.ItyoKiUatigns of level, and that slight climatal changes would inter- 
vene during such lengthy periods ; and iuthese cases tbe inbabit«DlK 
~ th« orehipelago would migtalo, and no closely consecutive record 

their nwdiBcations could be preserved in any one formation. 

Ver7 many of (ho marine inhabitants of the archipo!»gD nmv 
lang^ thousanda of miles beyond its confines \ and analogy plainly 
kfldi to the belief that it would be chiefly these far-ranging specil'^ 
ihongh only some of them, which would oflenest produce now 
» \ and the varieties would at fint be local or confined 
to cne jiloce, but If posscs&cd of any decided adranlnge, or when 
itorthrr modified and improvtd. Ihcy would slowly spread and 
'Wpplnnt Ihrif iwrmt-fomis \Vhcn uuch vftrietira rpliimttl W 
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their ancient liotnts, lui thcv would differ from their former ttaU 
in a nearly anifonn, though perhaps estremcly iliglit drgrcc, kA 
as they would ba found embedded id slightly different Bub-stji^n of 
*.ho Kama formation, tboy would, according to the priaciplre fulloitnl 
by mftuy paIa:iontolD;;ists, be Tanked u netr and distinct cpocicx. 

If then there be some degree of truth in ttuse reniu'lia, we Imto 
no right \a sipect to find, in our geological fonnatioDs, an infinite 
Lumber of those fine transitiou&l forms which, on oni theory, bitre 
L'uQDCCtcd all the past and present species of the came group into 
one long and branching chain of life. Wo onght only to look for % 
fcw linkfl, and Boch nsauredly we do find — some more distantly, 
sonie more closely, related to each other; and theM links, let theta 
be ever so close, if found in different stages of the nms rormitioo, 
would, by many palnonlotogii^tg, be ranked u distinct specia.' 
But 1 do not pretend that I should ever hare soipected bow poor 
was the record iu the best preserved geological gectiont, had not tha 
.ibscnce of ianutncnible transitional links between the species whitti 
lived at the commoncemcQt nod dose of each formttiiin, preeaod sn 
hardly on my theory. 

On iht iHEUfn Appearance aj vshoU Oroupt of <Jlitd Sjpttia. 
TliB abrupt manner in which whole groops of species luddenly 
appear in certain forraatiocs, has been urged by sevetsl palsioatoli?- 
giata — for instance, by Ag:3ssiz, Pictot, and Sedgwick— *» a fttal 
objection to the belief in the transmutation of species. If riumcrous 
species, belonging to the some genera or families, have re*Ily started 
into life at once, the fact would be fatal to the theory of erolittioD, i 
through natnral selection. For the doicloptoent by thit means of I 
H group of forma, all of which are descended from some one fitograi^M 
tor, must have been an extremely slow proeeea j and the progenitors | 
must have lived long before their modified descendants. But we 1 
continually overrate the perfection of the geological tceotd, and ] 
faUoly infer, because certain genera or families have not been CsunlJ 
beneath a certain stage, that they did not exist before that stagey 
la all cases positive paheontological evidence may bo impliciilyX 
Iniiited ; no^tive evidence is worthless, as eiperienco has ao ufUiaJ 
i.hovm. We contiaiiatt]' for^t how large the world is, onmpsrcd I 
with the arcs over which our gool^cal formations hare been - 
carefully examined; we forget that groups of apecies rray else- 
where hare long existed, and have slowly multiplied, Iwlurr 
Ihcy invaded the ancient archipelagoes of Europe and tba C&iUd 
StAlCB. We do not rrake duo allowance for the interrals o . 
time which have elar*rd l-efn-ep!i o'!r ron-ernlivc furmstioo* — m 
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Jenger perhftpe in manf cases than the time required f<ir the accu- 
mulatiou of each (onDatioQ. Theso intervals vrill have given time 
fcr the multiplication of ajiocicB from Boma oqo pareDt-form ; aiid in 

■ututediu); formation, luch groups or fpecics will appear as if 
Rnddenly craaled. 

I Qsajhere recall a remark formerly mnde, namely, that it miglil 
nqiure a toDg succession of agos to adi'.pt an or<;aiiiBn] to Bome ne-.v 
isnd pecnlisr line of Lfc, for inEtance, to fljr through Iho air ; and 
«ODH()D«Dtly that the transitional forms would often long remain 

loed to aomo one region ; bat that, when this adaptation had 

I been eCTccted, and a few epcciea had thtis acquired a great 
Adraotsge oTer other organism*, a comparatiTcly short time would 
be Decessarj to produce many divergeut forros, which would spread 
npidl; and widely throughout the world. Frofessor Fictct, in his 

"eot Bevtew of this work, in commenting on early transitional 
fbnns, and taking birds as aa illustratton, cannot see how the tDC- 
e mcdificatioQS of the anterior timbs of a supposed prototype 
conld poaubly have been of any advantage. But look at the 
penguins of the Southern Ocean ; have Dot tbeM birds their front 
limbs in this piedse intermediate state of " neither true amis nor 
traa wings"? Yet these birds hold tbelr place victorioasly in the 
tattle for Ufa ; for they exist in infinilo numbers and of many kinds. 
1 do not suppose that we here sea the real transilionalgrades through 
which the wings of birds have passed ; but what special diOicult)' ia 
in believing that it might proGt the modified descendants of 
the penguin, first to become enabled to flap along the surface of the 
•ea like the logger-headed duck, end ultimately to rise from its 
nrfsoo and glide through the air ? 

1 will now give a few examples to illustrate the forgoing remsrks, 
and to show how liable we are to error iu supposing that whole 
poupa of species have suddenly been produced. Even in so short 
in interval as that b<:tween the first and second editions of Pictet's 
great work on Falaontology, published in 1844-16 and in 13S3-fi7. 
Iho conelusiotts on Ihe first appearance and disappearance of aevemi 
■ of animals have been considerably modified ; and a tliird 
edition wouli rosjuiro ilill further changes. I may recall the well- 
foown fact that in geological treatises, published not many years 
(go, mammals wcto always spoken of as having abruptly come in 
■t the commencement of tho tertiary series. And now ono of 
ChA richost known accnmuktions of fossil mammalg belongs lo tlie 
Iftlddlo of the secondary series; and true mammals have been di»- 
•orered In the new red sandstone at nearly the commencement o' 
IbJi grvat series. Cuvicr used to urge that no monKcy occurred Vk 
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tMJ tertiary stratum ; but dow dtinct epeciet lutT<9 'beeo d 
ia India, South America, and in Europe, as far back u the miooaaO 
Etage. Had it not been -for the rare accident of tbs pr e wa ration <f ■ 
footsteps in the new red Bandstono oi tbe Dnited Slal«^ vfaa wtiaM 
have ventured to soppose that no less than at least thirty diflerent 
bird-like animals, somD of giguitic size, cxiitod daring that period '! 
Not a fragmcat of bone has bean discovered in these bcdi. Kot long 
a^n, palicontologistB naintAined that 11>b n^ole class of birds ci 
suddenly into existsncs during tiia eocene period ; bnt now i 
knuw, oo the aulliority of Professor Owen, that a biid c 
lived during the deposition of the upper greeosand ; and still n 
recently, that ctnage Urd, the ArcheopI«ryi, with a long liziiA 
tilte tail, bearing a pair of feathers on each joint, and witb it! w' 
furnished with two free claws, bos been disom-ered in the (wlidl 
slaka of Solenhofen. ITardty any recent discorcry shows i 
furcibly than this, how Utile we as yet know of the former JnbU 
tonts of the world. 

I may give another inslanoo, which, from having f 
my o(»n eyes, has much Btnick ico. In a memoir on Foaral Scs 
Cirripedes, I stated that, from the l.-tr^ numbo' of existing a 
estinct tertiary species ; from the eitraoidinary abondance of tl 
iudividuaJs of many spocics all over the world, from tlio A 
rogiona to tho eqnator, inhabiting t-ariotra eones of depths from d 
u|>pcr tidal limits to 50 fathoms ; from the perfect n 
i^pcdmens are preserved in the oldest tertiary beds ; from the a 
with wbioh even a fragment of a valve can be retvgiUEwl ; from d 
IhesQ circamitanccg, 1 inferred tliat, hod BBsfla curipedta e 
duna~ the secondary periods, th(?y would certainly liav« boo 
EcTved and discovered ; and as not one. species had Iben Wn <ii>*il 
covered in l«ds of this a^c, I concluded that thi* gPMt gronp hit* ^ 
been suddenly developed at the commencement of the tertiary eo' 
This was a sore trouble to mo, adding as I thea t!baa-^t on* mm* 
instance of the abrupt appearance of a great grmip of speencs. Bat 
my work had hardly been published, when a skilful palnratoI^iM, 
M. Bosquet, sent too ■ draninp; of n perfect tpeeimen «f au itBini»- 
liLhcable sessile cirripcde, which he hnd bimsetf exIradAl ft^m (he 
elialk of Belgium. And, as if to make the cua as fltrikiii; as 
ixissible, this cirripoiie was a Chthauialus, a very comnton, k)9^ 
ixaA ubiquitous genus, of which not one spocics has as yet be«0 
found pvca in any tertiary stratum. Stiilmorsrecently.aPytgoma, 
a member of a distinct nh-family of se^le cirripedn, )nu bMa 
diS00Tet«d by Hr. Woodiwd in the npper chalk ; m tha^w 
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hftve kbniulniit eriJonce of tbc ezisIcDce of tliia group of miimala 
during the Hcoodar; p«nud. 

most frcquButly iDS'HCiil on bj pnlaKiiitologutB of tJie 
•pparenll/ sudden appoirancoof aMliolo group gf species, is thnt ol 
tlie teleoitean fiiilm, low doTin, nccordiDg to ^gtuiEiz, in the LUmll: 
period. This group includes Ihe Urge majorit; of exitting spccir.i. 
lint entail) Janusic and Triajuic forms are now commonly admitted 
to be t«teo«tcnD; and even aome palaeozoic forms Imve tbu» beea 
hj one high nntlioritj. If the teleOBleima hud rcalJy 
appeared »udii«iily in theaortheraUemiBphere at tho commcni'ejiuiit 
of tho chalk formal ion, the lact would bavcbcvnhiglilyrcmarkiiMii; 
would not hsTo formed an insuperable difficul'y, uolesa i I 
could likeviie Lave been shown Ibat at the tame prriod the species 
Buddeoly and BimuituDCOUGly deveiopcd in other quartern of 
lli« world. Jt ia almost superfluous to remark tliat hsrdly any 
feedl-fish are hnoira from south of tlio equator; and bymoniug 
tlmt^h PicteL's PaUsontology it will be seen that very few upccics 
knoini from sercral forroations \a Eurupi. &i<me few families of 
DowliaTc n confined rau}:s; the tcluutcanfisheG might fotmcrly 
bava had a similarly confined range, and after liaving been largely 
daTcloped ia tome one aea, havo spread widely. Kor bnvo ive 
Hty right to itippose that the seiia of tbo world have alwiys bceu 
m freely open frcm south to north as they are at preseut Etch r1 
tUa dayi if tbo Malay Archipelago were converted inlo laud, lliu 
Inpiol partA of (he lodiau Oceaa would form n large and perfectly 
mclosod basiu, in which any great group of maiiuo animaU migltl 
be multiplied ; and bera they would remaiii coalined, until tome uf 
the species became pdapted to a cooler climate, and were enabled to 
4oubl« the Southern capes of Afiiru or Auatrulla, aud thus rcncii 
«th(7 acd distant oais. 

i'Kim theM considerations, from cur i;;cor«nco of the geology (if 

Mber cvnntrica beyond the confiBes of Kurope and tho Lniteit 

SUtM, and from Iho revolution in out pobroutotogical knowledge 

TkImI by the discoveries of the last doten years, it seems to tna 

I be about aa rash to dognistiu on Ihe gQccMsion of orgmic fofm* 

Ihnughout the woild.Ba it would be for a naturalist to Innd for At* 

;ariDUt«S on a barren point in Aujlnilia, and then to disease the 

and rango of its produclioos. 

On thttudden Jjipraranee tf Oroni<t nfuVIrd Fjetvt in llie 

lowtit Jcnou-n Fvthit'ferout ftrala. 

Tb«rc ia another and allied dilGculty, which is rauchmoreKrioUA 

mlluda to tho munner in which »pcricH bolmisinE to Ecvrral (if tbo 
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puin divisions of tb« animal kin^TQ faJdonl? appear \a tlis 
lowest knon-a fosBitiferoua rocka, Uost of the aignmeDn wliieb 
hare convinced me that all the existing spocin of the nniq ^ronp 
are descended from a Binglo pro;;GDitor, appl]'' *itfa eqnal force to 
the eiu'It'Tst known spcciei. For institnce, it cannot Iw donlited Ibitt 
all the Cambrian and Silariaa trilolritca are descended from some 
oae cruBtaceou, irhich must have lired long befora the Ckmliriati 
ogo, and which probably diffecod greatly fr-im mny knomi 
Some oi the most ancient animals, aa the Naatilna, LbgnU, ftc,,< 
not diff^ much from liTing species ; and it cannot on oar thi 
bo supposed, that these old species were the pro^oiton of ftU 
species belonging to tbo camo groups which have nbseqi 
appeared, for they ore not in any degree intennodisle in character^ 

Consequently, if tha theory bo tmc, it is indi3piit»ble that b«f 
the lowest Cumbrian stratum was deposited. Ion; periods ela{Md, 
long as, or probably far longer thiui, tho wholo interval from 
Cambrian age to tho present day; and that during three 
periods tho world swarmed with living creatures, ller* wo 
ctiuntcr a formidable objection; for it socms douhtfnl whether 
earth, itt n lit stat« for the habitation of living trcatoreo, has 
long euough. Sir W, Thompson concludes that the coosaUdil 
of tba crust can hardlj hare occoired less than 30 or m 
-100 million years ages ^'i' probably not less than 08 
than 200 milliQn years. Those very wide limits show how deal 
ful the data are; and other elements rosy hare hereafter ta1 
introduced into tho problem. Mr. Croll estimates that al " 
t!0 million years have elapsed since the Cambrian period, but 
judging from tho small amount of organic change nDCe the com- 
moncoment of the Glacial epoch, appears a very short time for the 
many and great mutations of life, which hava certainly occurred 
vioco the Cambrian formation ; aod the preTions 140 million y 
can hardly bo coosidered as aufEcient for tlie development of 
varied forms of life which already existed dttriug the Cami 
(icriod. It is, however, probable, as Sir William Thompwn 
lb:kt the world at a very early period was sabjected to more tS| 
Aai violent changes in ltd physical conditions than thoaa 
nccorciiig; and such changm would have tended to induce 
■t a correspond in.^ rate in tho organlszns which then eodsted. 

To the question why wo do not find rich fofdliferoua 
belonging to these assumed earliest periods prior to the Ounbrian 
t-yslom, i can give no satisfactory answer. Several eminent g©*- 
lagists, with Sir II. Murchison at their bead, were tinli! 
foniincod that wo beheld in the organic 
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turn the firat dawn of liTii. Otlicr higlily compotent 
JDdges, t,i L^ell dad K, Forbes, liave disputed this coucliuion. 
yi6 should cot forget thnt only » Bmall portion of the world is 
1 with accuracy. Not vor; long ago &[. barroude added 

Kullier nml lower stage, abounding with new and peculiar apecies, 
□eath ihs then kuown Silurian syHtem; and now, still lowpr 
wn in the Lower Cambrian fomuition, Mr- Hicks has found 
la South WsJes beds rich in trilobiles, and containing various 
mollUKS and annelids. The presenea of phosphatio nodules sixl 
"tnounousuiatter.ereii in some of the lowest azoic rocks, probably 
di(3itea lifo at these periods ; and tho existence of the EoEoon in 
fi LAurentian fonnatiou of Canada is generally admitted. There 
e Ihtee great series of strata beneath the Silurian ByBtem in 
nada, in the lowest of which the Eozoon is found. Sir W. 
lioeru) Mates that their " united thickness may possibly fur surpass 
** that of all tho succeeding rocks, from the base of the paheoKoic 
f lerics t-> the present lime. We are thus carried back to a period 
a r«mot«i that the appearanoo of the so<allod Primordial fauna 
f (of Bamwde) nay by some be considered as a comparatively 
?f IDodero Bvent," Hha Eozoon belongs to tho most lowly organistd 
t all classes of animals, but is highly organised for its class; it 
RxLrtcd in countless numbers, and, as Dr. Dawson has remarked, 
tertainly preyed on olhcr minute organic beings, vhich must have 
n great numbeia. Thus the words, which I wrote in 18S9, 
the eixisicDce of living beings long before the Cambrian 
periMl, and which are abnost (ho same with those since nsed by 
"r W. Logan, have proved true. Nevertheless, tho difSculty of 
nigning any good reason for the absence of vast piles of strata 
ich in (bssils beneath the Cambrian system is very great. It does 
^^.lot Mcun probable that the tnosb ancient beds have been quite 
tawn awny by denudation, or that their fossils have been wholly 
Uileiutod by mctmnorphic action, for if this had bceu the cnE* 
"O should have found only small romnnnls of the formations next 
ading them in age, and theag would always have existed in a 
iitialiy metamorphosed conditicn. Cut tho deacriptions which we 
iBseas of the Silurian deposits ovor immense territories in Unsaid 
ul in North America, do nut support llio view, that the older a 
brmatlon is, the more invariably it had suffered extreme ilcnuiUlion 
tnd mclamoqihisnt. 

~ kt present must rotnnia inexplimblc ; and may be truly 

tcsd as a valid aigumeut against tho views here eotertsiee'l. To 
low that it may hereafter recoit-s tome eiplansiion, t nil) gin 
IB Mlowiog hypolbeiiis, F'lni iho nalura of the or^a ic rtmnioi 
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which do uut iippear to hiLTe iohabitcd profound depths, 
Mvcnil (brnifttiaua of Eotvpu and of the United Status ; and froiu 
the amouDt of sediment, miloa in thickneu, of irhich tbs formations 
are composed, wo ma; infer thnt from first ia Inst larg<e islands 
or tracts of land, whonco ihe sediment was dorived, occurred in the 
neighbourhood of the con eiistiog continoDtB of Europa and 
North America. Thia same view hna aince been maintained by 
Agasaiz and othen. But we do not know wbit was the state 
of things in the intcrrals between the sevoral anocesiive fonnatione ; 
whether £urope And the United States daring these intervals 
existed as dry land, or as a sobmarine anrfaoe near land, on which 
sediment was not deposited, or as the bed of an open and unfatbont- 

Looking to the csiating oceans, which are thrice as extensire bs 
the land, we sec them studded with many islands; but hardly one 
truly oieanio islaud (with the exception of New Zealand, if tliia 
can bo called a truly oceanic island) is as yet known to aflbnl wea 
a remnant of aoy palaeozoic or secondary formation. Ucnce we mar 
l>crhsps infer, that diiriug the palico/.oia and secondary periods, 
neither continents nor continental iahinda existed where our oreana 
now extend ; for hod they eiisted, palfcoiioic and secondary forma- 
tiona would in all probability havo been accumulated from sodiment 
derived from their wear and tear; and these would hate been at 
least partially upheaved by the osclllationa of level, which most 
have intervened during these enormously long periods. \t IhtJi we 
in.-iy infer anything from these facte, vs may infer that, where oar 
oceans now extend, oceans have extended from the remotest period 
ut which we have any record ; and on the other hand, that where 
continents now eiist, large tracts of bnd have existed, subjected no 
doubt lo great oecillaliona of level, Eince the Cambrian period. Tlie 
coloured map appended lo ray volume on Coral Bcefa, led mo to 
conclude that the great oceans ore still mainly areas of anbsidenco, 
the great archipelagoea still areas of osclllationa of level, and thu 
continents areas of elevation. Eut we have no reason to a£inm« 
lluit things have thus remained from the beginning of the world. 
Our contbents seem to have been formed by a preponderance, during 
many oscillations of level, of the force of elevation ; but may not 
the areas of preponderant movement have changed in the lapse of 
a^cs 7 At a period Ion? antecedent to the Cambrian epoch, con- 
tinents may have existed where oceans are now spread out; and 
jlear and open oceans may have existed where our continents now 
stand. Nor sbonld we be justified in sssuming that if, for instanoih 
bed of the Pacific Ocean Mere now convertrd into a «n " 
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1 dhQulJ iLeni find wdimentitry fonnations in a rccogni»abIe 
condilton oldn than the Cnmbrian strata, Eupposing Gucb to have 
t foncerl;- deposited ; for it might well hsppea that etrala 
-which bad subsided some milca nearer to tlis centre of the earth, 
.and wbich bad been pressed 011 hj an enormous weight of supcrin- 
"leat water, might have undergono Ui mow nwUmorpbic action 
than Btnt* which have alwnys nmained benrET to the Etirfucp. 
immense areM in some parts of the world, for instance in 
Bouth America, of nabod metaniorpbic rocks, wbich must hare be(>n 
beatcd undtT great pmsiire, bavo always seemed to me to reiguirc 
wriafa (pecial eiphmation ; and we mair perhapc bcUoTe that ws see 
'1 these large areas, the maaf formations long anterior to the 
Cambrian e^'ocb in a GOmplelely niBtaniprplioscd and denuded 
oonditicn. , ,, . , v 

f^llie several difficulties here discasscJ, namely— ihnt, though wi- 
Gnd ia our geological formations many links bctneen tlie spccii'H 
wbick now exist and which fbimerly existed, we do not find 

I InCoilelj namerons fine transitional forms closely joining ihcm uU 
lOljetber ; — the sudden manner in which several poups of Bpccit's 
first appear in out European fi)nnations,-~~thenlmoGt entire aWnce, 
■I at present known, of formations rich in foasiU beneath tlie 
Cambrian strata, — are all undoubtedly of the most serious nature, 
AVc see this iu tbe &ct that the most eminent paheontolo^isfs, 
niuriy, CuTier, Agsxsiz, Barrande, Pictet, Falconer, E. Forbes, &c., 
and all our gniatest geologists, oa I-ycU, Mnrchisou, Sedgwick, 
ftc^ have unanimously, often vehemently, maiotaincd tho immu- 
tebititj of Bptcim. But i^ir Charles Lyell now gives the support of 
{lis high authority to the opposite aide ; and most geolo^'sts and 
]DhK>nlologtsls Bie much shaken in their former belief. Those 

'iilio bcliore that the geological record is in any degree perfect, will 
undoubtedly at onco reject tho theory. For my part, following out 
Lyoll'i metaphor, 1 look at the geological record as a history of tho 
World tmpoiicctly kept, and written in a changing dialccti of this 

jlii«toi]r we possess Uio last volume alone, relating only to two or 
ikrM countries. Of this volume, only here and there a abort 
chapter has been preserved ; and of each page, only bcre and there 
a few Unes. Kich word of the slowly-changing language, more or 
hn different la iho succemive chaptfrs, may represent the forms of 
lllb, wbicb are entombed in cur consecutive formations, and which 
ftMj appoar to us to have been abruptly introduced. Oa this 
,Tiew, iti» Jillicidtics above discussed are grcatlj' dimiuiidicd,or ena 
^iaappenr. 
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Ob tbe tlow nJ tnccesiTt appcuuce of new ipccia — On their dUTutfn> 
nta of chaoec — Sp«ia once l«t do BOt nappcu — Gniu|m at ipael^ 
fdllow tlw tame giMienI rulea in tbeir mpponnc* ud diuppimsqi tl 
da kiagl* ipetief — On eitiDfrLian — On smnltiueapi duo^ id tf 
fanni of lift tbroBgboot lb« wotld — On llie affiaitiei of «itiBct ■] 
la eich other and to liiiog epecio — On the iliti of dervlopoital 9 
■Bcitnl fornu — On the tncecHion of the bhh ttp™ nllluB tluM 
ireai — Sunmurf of ptecediD|; ind preMut ch^tcr. 

l.KT US now Efc nhether tbe sevcnl fncts and lam TdUUng 
j:coli)gical succe^on of organic beings Accord best wiUi Itwo 
vicn of the immuUlnUt; of Bpeciei, or with Ibat of tlicir Atm K 
CnulnBl modiGcatioQ, through TvUtion tutd natural selection. 

New «pecies liave appearcd yety slowly, oqo «ftcr *notli«T, h 
ou Ibe Luid and in tba waters. Lyell boj sboHfi that it ii ) 
pouible to resist the evidenoe on this head in the case of the u 
tertiary ctagc* ; and every year tends to fill up the blanki bet«n 
ll>e stages, and to make the proportion between the lo«t Mid e ' 
1113 fonns more graduaL In some of the most recent bods, U 
uodoublcdly of high antiquity if meaturod by years, only oj 
two species are c:itiDct, and only one or two are ni 
appeared then for the firat time, either locally, or, is far as t 
know, on the face of the earth. The ceoondary fonnationa an 
more broken j hut, as Brotia bos remarked, neither the appsarance 
nor disappeaiance of the many specios embedded in each fonDatiou 
liaa been slmultaneoos. 

Specie* belonging to different genera and clawes hare ri 
at tbe Eame late, or in the same dcgrca. In tbe older tertlflj 
lifds a few living shells may still be found iii the midst of a o ' 
titiide of extinct forms. Falconer has givra a sirikin;; instat 
of a similsj fact, for an exiaticg crocodllo is associated with n 
lost mamm^ and reptiles in the sub-Himalayan depoitta. ' 
iiilorian Lingula diScrs but little from tbe living species of tJ 
genus; whereas most of the other Silurian Uolluacs and all (I 
fniBlaccans have changed prcatiy. The jirodHctions of ihs Ii 
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lukvo clifLDgeJ at a quicker mte than tliose of the eea, of 
which a Etrikiog insMncc bos beenobKerrcd in SiritzcdaDd. Tbcie 
DO reason to believe that orgBDisniB high ia the ecuIo, chniigo 
(jutckly than those that are loir ; though there are exceptions 

IV this riila. The amount ufoTgania chaage, as Pictet has Tmnarked, 
}i not the t«me in each aucccssive so-wUed formation. Yet if we 
Bompve any bat the most closely related formations, all the species 
^Ll be found to have nndorgono somo chaagc Wheo a Bpocii:» 

disaiipeared from the face of the earth, we have do reason to 
kelievo that the same identical form ever reappears, 'ilie stnnij^Dsc 
eption to this latter rule ia that of the so-caikxt 
* colonies" of M. Barrande, which intrude forapecicxlin themiddtor 

older fonnalion, and then allow the pre-existing fauna to reappear 1 
tait L)'cU'a explanation, namely, that it is » caso of temporary 

i<;r%tioD from a distioct geographical province, seems satisfactory. 

ihuM several facta accord well with our theory, which incluJes 
no Gxed law of development, cauung all the inhabitanta of on area 
to change abraptly, or simultaoeously, or to an equal degreo. Ilie 
of modification mnst be alow, and will gouucally oifect only 
A few species at the sama time ; for tho variability of each species 
la indepandent of that of all others. \Vlicther such variations or 
individual differencea as may arise will be accumalated througU 
aataral selection iu a greater or less degree, thus causing a greater 

V IcM amount of permanent modiQcation, will depend on many 
complex eontingcnciet— on the varialioon being of a bcneGoial 
natnre, on tho freedom of intercroasing, on the slowly cbanitiu;; 

conditions of tha conniry, on tho immigration of new 
and on the nature of the other inhabitanta with which 
ui varying species come into copopetiliou. Hence it ia by no 
leans larpnsing that one species should retain the same identical 
irai mDCh l«ngor than others; or, if changing, should chango in a 
as degroo. We find aimiUr relations between the existing inha- 
itanla of distinct countries; for instance, tbo land-shoUs and 
tleoptoruua insects of Madeira liave come V> differ conaiderably 
um their nearest allies on the continent of Europe, whereas the 
shells and birds have remained unsltered. We can perha|« 
itand Ilia apparently quicker rale of change in tcrrcstrinl 
ul in mora higlily or^jiniscd. prcdnetions compared with matiue 
td lotror productiona, by tho more complex relations of the higher 
linga to tiioir or^uic and inorganic conditions of life, as explained 
I a tiinner chapter. When many of tho inhabitanta of any an« 
ive bcoomo modifiod and imiimvod, wo can nnilerstand, on tho 
inciplo of aoni[xitiiiuii, and from the ail-important rclatioiM of 
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orgauUm to on^aniEm in ths strugglo for lire, that noj form whi 
did not become in to\aa di^ree modified and imptDved, would ■ 
lialils to eitenninatioD. IIcdco n-o sec why all th« specie* ii 
name rc^oo do at last, if ve look to lon^ enough iatcrcBli ol ti 
become modified, fot otherwise they would become ei 

In members at the samo class the average umoiint of chanj 
daring loi^ and equal periods of rime, may, perhaps, be nearly fl 
Eomo; but Bi the accnmuiution of cnduriug fomtatioos, rich \ 
fossite, dcpeodi on great maases of ledtment being depcntcd f 
subsiding areas, our farmations have been almost necessarily ai 
inal&ted at wido and irregularly inlermittent iotervaU of tJa| 
tonsoqneutly tha amoimt of organic change exhibited by the iam 
embedded in conEccutive formations is not equal Each fonnatiJ 
uQ this Tiow, docs not mark a new and complete act of c 
but only on occasional scoae, taken almost at hasaid, in i 
blowiy changing drama. 

Wo can clearly understand why a species when once lost il 
never rcsppear, even if the very aamo conditions of life, a 
inorganic, should recur. For though tha oSspring of oi 
might be adapted (and no doubt this has occurred ta ini 
instances) to fill tho place of aoother species i 
tiature, and thus suppUint it ; yet the two forms — tha old and t] 
new — would not bo identically tbe same; for both would a 
certainly Inherit dilTercnt characters from their distinct ptogp 
and organisms already difiering would vary in a dlQeroit n 
For iastonce, it is possible, if all our fnntail pigconB n< 
tiiat fanciers might make a new breed hardly distingushabla b 
the present breed ; but if tha parent rock-fdgeon were likei^ 
destroyed, and under nature we have every reason to believe ll 
iwrent-forms aro genorally supplanted and extertninatcd by tl 
improred oOsjiring, it is incredible that a fantui, identical with II 
existing breed, could bo raised from any other sjieciea of pigeon, a 
L'ven &om any other well-established race of the domestic pigsoB^ 
fur the snccessiro variations would almoat oertainlj bo ii 
degree di^erent, and tho nowly-forraed variety wonU probaldfi I 
inherit from its progenitor some characteristic differeocos. 

Groups or species, that is, genera and families, fallow tho mas 
general rules in their appearance and disappcamnce as do tinsto 
species, changing more or less quickly, and in a grest«t or \ama 
degree. A group, when It has once disappeared, Dev«r mppesn ; 
that is, its existence, as long as it lasts, is continuous I am 
aware that there aro sonte apparent exceptions to this nil<^ bat (Im 
exceptions arc surpriaiogly few, so few that E. Forbei^ X 
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Woodn'krd (though all slioDglf opposed to such views as I nialntnic) 
It its truth; and the rulastrictly accordavilh the ibcory. For 
»tl the species of the came group, however long it may have lasted, 
■vet tho modificil descendants, one rrom the other, and all from a 
on progenitor. In tbe genus Liogiilo, for iustAocc, the spcciei 
vIueIi have succcssiTclj appeared at aJl o^ea must have been coa- 
•ectol by an Dnbroken seiies of generations, from the low&t 
'lSH stratum to the preMot day. 

a have seen in the last chapter that nhole groups of species 
aomctimM &be]y appear to have been abnipUy developed ; and 
I bare attempted to ^ve an aiplaoatioa of this fact, whicU if true 
would be &tal to my riens. But sach cases are certainly excoik 
Uoni^ ; the general rule being a gradual iucrcase in number, until 
the group reaches its maximum, and tbcn, sooner or later, a gradual 
.ae, U the number of the species included nithin a genus, 
K the number of (he genera within a fomily, bo represented by a 
nitioal lino of rarying thickness, ascending through the successive 
fnlo-p'tcal formatiooa in which the species are found, the line will 
wmctimea falsely appear to begin at its lower cad, not in a sharp 
annt, bnt abraptly; it then graduatly thickens upwards, often 
keeping of equal thickness for a space, and f Ulmatcly thins out in 
~ e upper beds, marking the decrease and final extinction of tlio 
'^Kcieft This gradual increase in number of the species of a group 
!■ strictly confonnabla with the theory, for the species of the same 
fenns, and the genera of the same family, can increase only slowly ' 
•nd progressively; the process of modiScation and tho produclion 
of a number of allied forms ncccseaiily bebg a slow and gradiuil 
protioa*, — one species first giving rise to two or three varieties, these 
beio;; slowly converted into species, which in their turn prodaco ly 
I vcitinllj slow steps other rarictics and speciea, and so on, like thu 
^^Dsncfaiiis of a great treo fiom a sinSilo atcm, till the group becomes 

^V On Exlineluin. 

^^ We have a« yet spoken only incidentally of tho disapiiearance of 
•pedes and of groups of species. On the theory of natural selectiou, 
the Mtinclion of old forms and the produclion of new and improvi\l 
fonna are iulimaloly connected together. The old notion of all the 
inhabitants of the earth having been swept away by catastrophe* 
at sni^ioaiivo periods Is very geoemlly given up, even by th<M« 
geologista, as Klie do Uoautuont, MurchisMi, Barrando, Aii., whose 

C views would naturally lead them to this conclusion. On 
Irarr, we have every rtaeun to believe, from the study of tha 
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tertiary rurmntioiu, tbnt species and gioape of species erodttciUy 
clisuppoLr, one after another, (ir»t from odb spat, Ihcn from anntber, 
nud finally from the world. In some few caacB, honever, as by tha 
break>o);of an ietbinua and the consequent trruplion of a uultituda 
of new inhabitauta into an adjoining aca, or by the final BQbsidonco 
of aiv ialand, the process of extinction may bava been rapid. Both 
single species and whole groups of species iaat for very unequal 
periods; Eome i^npa, as wo have seen, have enijared from llic 
earliest known danrn of life to the present day ; some have dis- 
appeared before the close of the pnUeozoio period. No fixed law 
Kcoms to determine the length of time duiing which aoy single 
spocics or any single genus endures. There is reason to believe that 
tbo extinction of a whole group of ipecies ia generally a slower pro- 
cess than their production : if thcii appearance and disappearance 
be represented, as before, by a vertical Uue of varying Ihlcknoss 
the line is found to taper more gradually at its* upper end, which 
marks the progress of ex Icimi nation, than at its lower end, which 
marks the first appeamnco and the early increase in number of the 
species. In sumo cases, however, tho exteimination of wliolo 
gixmps, as of nmmoniteii, towards the close of the secondary period, 
has been wonderfully ^ddcn. 

The extinction of species has been involved in the most gmtuitotii 
mystery. Some authors have even supposed that, as the individual 
bus a definite length of life, so have species n definite duration. No 
one can have marvelled more than I have done at the extinction or 
ipecies. Wbon I found in La I'lala the tooth of a horse embedded 
with the remains of Mastodon, Megatherium, Toiodon, and olher 
exliuct monsters, which all co-existed with still living shells at a 
very ble geological period, 1 was filled with natonishment ; for 
teeing that tho horw, since its introduction by the Spaniards into 
tjouth America, hns ma wild over tho whole country and biw 
Increased in numbers at an unpamlloled mlc, I risked mrself what 
could so recently have exterminated the former horao under cou- 
liltiona of life apparently bo favourable. Bnt my aatonislimont was 
groundless. Professor Owen soon pcrcoivod that the tooth, tbongh 
BO like that of tho cxiHtlng horse, belonged to an extinct tpecica. 
Had this horse been still hring, but in some decree rare, no naturaliKt 
would have felt the least Burprise at its rarity ; for mrlty is the 
attribute of a vast number of species of all classes, in all couutriea. 
It we ask ourselves why this or tlwt spociea is mre, we answer 
that something is unfavourable in its conditions of life; but what 
that something is, wo can hardly ever tcIL On the supposition of 
llic fossil hotso still eiisling as n rare spccira, >vc ml^t have feU 
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from tho analogy of alt other mammals, cron of ttio sluw- 
rlveediDg elrphant, and Irom the historj oF the iiutDnillsalioil of tlie 
ree in South America, that umitr more favourabia con- 
dition* it would in a very few ytaira bnve stocked the whole 
cmtineiit. fiut wa could not havo told what the unfaToarabte con- 
dition! wore which checlicd its iocrcasp, whether some one or aeveral 
eaOtingencicB, and at whnt period of the horse's life, and in what 
degree, they severally flctcd. If the cindliions had gone on, how- 
•trvr tlowly, becoming less and Icsa favourable, wo atniredly ebony 
Kot hare percdved the fact, yet the fossil horao would certainly 
i^Te becomo rarer aad rarer, and finally extinct j — its place being 
•ejzcd OD by toiuo more saoccssful competitor. 

: dilhciilt always to rumember that the iocrcaBO of evdiy 
creature b coiutanlly being checked by unperceiTedhoa^luagancics; 
that these enmo nnporcoivcd aigencles are amply aiiBicienl to 
ratily, sod hnally extinction. &o little is this subject uoder- 
that I IiaTe hcanl surpriao repeatedly eipttssed at such gr<>nt 
en ■• the Mastodon and the more anciont Dinosauriana having 
extinct; as if mcro bodily streugtli gave victory in the 
Wtle of life. Mere size, on the contraty, would in some caseii 
^tcnninc, as has been remarked by Onon, quicker exterminallou 
Aom the greater amount of lequuitc food. Uefora man inhabited 
Jbtdia or Afdcs, some caoxe must have checked the coutioned 
icnase of the existing elephant. A highly capable judge. Dr. 
'alconer, believes that it is chioBy insects which, Iram incessantly 
teniMbig and weakening the elephant in India, check its increase ; 
tail this was Bruce'a conclusion with respect to the AJrican elephant 
ia Abyaeiaia. It is certain that insects and blood-suching hits 
delcnuine the eiietencc of the larger aaturalisod quadmpcda in 
acveral parts of S. America. 

in many cases in the more recent tertiary formationn. 

that rarily precedes extinction; and we know that this has been 

die [inisrtss of events with those animals which have been extoc- 

a)inat«d, either locally or wholly, through man's agency. 1 may 

repeat what I published in 1845, namely, that to admit that species 

generally become rare before they becomo extinct — to feel no snr^ 

priso at the rarity o( a species, aod yet to marvel p;rcatly when tlie 

KCtm cease* lo exist, is much the same as lo admit that sicknea* 

. the individual Is the forcronner of d<«th — lo feel no aiirphse 

. sieknea*, but, when the sick man dies, to wonder and to suspect 

lat ha died by lioroB deed of violence 

Ilia Uieory of nalumi selection is erounded on the brtief that 
cli Dvw variety, and ultimately each new Sfccics, Is jTOiliiccd aod 
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nuiiDtAinod bf having some advantage over tfaiMo with whv 
comes into comprtitioD ; and the conaeqtient eitinction of tlie k 
fsTDnrFd romu almost iDevir&blj foUovs. It ii tlie • 
domealic productions; when a new and tli^htlj improrcd r 
hu been raised, it at 6rsl sappUnts the Iras improvod t, 
ihs same nd;i;hboarhood ; when much itDproicd it i» ttana 
far and near, like onr ehort-horn catlte, and takes the placo ol 
breeds in other countries. Thus the appearance of new fornis ■ 
the disappearance of old forms, both those natanillf and thouc u 
ficiallj produced, are bannd together. In fiounshing gronpa, I 
Dumher of new specific forms which have been prodiicul « 
given lime has at soma periods probably been greater (h 
nnmbor of the old ipccific fomii which have been estermiaa 
but we know that species have not gone on indefinitely ti 
at least during the later geolo^cal epochs, so that, looking tt 
limes, we may belicrc that tho production of new forms has a 
Iho eitinction of about the same number of old fonnSL 

The competition will gcnerallj be most terete, ai f( 
plained and iUustmled by examples, between the iaraa which % 
most Uke each other in all respects. Benco (h« improved ■ 
modiBed defccndants of a species will generally cauaa the extern 
nntion of the parent-specie*; and If many new forms have li 
de?eloped from any one epcdcs, the iwarest allies of that m 
i.t. the speciesof the same genus, will be Iho most liable to 
nation. Thus, as 1 believe, a number of new specie* d 
from one species, that is a new genns, comes to supplant a 
KcnuB, belonging to the Baroe family. But it most oOm li 
hnpi.>ontid tliai a new ipocief belonging to some one grotiphaa « 
un Ihe place occupied by a species belonging to a distinct g 
and thus have caused its extenoinatlon. If many allied fc 
developed from the successful intruder, many will hatre l< 
their places ; and it will generally be the allied ibraa, whkh « 
suQcr from aome iuberited infctiotiiy in a — . . 

Ijo species helon^ng to the same or to a diitinct oUm, which hi 
yielded Ihclr places lo other modified and impcoi^ apccica, a 
of the sufferers may often be preserved for a long tinw, fnan b 
filled to some peculiar line of life, or from inhabiting w 
and isolated station, where tbt'y will hare cacaped sew 
tlon. For instance, some species of Ttigonla,a gml gniiu of *i 
in the secondary formations, survive in the Auatralian MBSs and a I 
members of the great aodalmost extinct group of Ganoid fii' 
inhabit our fresh vat«r^ 'Ilicreforc Iho utter cxtincUnn cf * p 
is generally, as we hare aeon, a slower pneast than its p 
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With reipcct lo tho apparently Bnddon ex Icrmi nation of whole 
Jiunilici or ordure, as of 'Iribbilva at the cloao or tbe pnlrcozoJa 
period and of Ammonilta nt tlio close of Iho secondary period, we 
niist remember wliat has been already said on tho probable wide 
interrals of time between our consecutive fonnatioDS j and in thew 
tnteiTals there luaj have been much bIow eiterminnlion. Morc- 
CTfcr, when, by tuddcn immigration or by cnasuolly rapid develop- 
ment, many ijiecica of a new grotip have taken posscsEion of an 
■leo, many of tho older species will have heen extanniuatcd in ft 
flnrcspondtngly rapid motinorj and the forms which thus yield 
tboir places will commonly be allied, for they will portake of tlio 
,me inferiority in common. 

Thnt, ai it seems to me, tho manner in which single species and 
whole gronps of species become extinct accords well wllh Iho theory 
oJ nntnral selection. "Wo need not marvel &t extinction ; if wo 
■uiut marvel, let it bo at cnr own presumption in imagining for n 
moment that we undcrEtond the many com{ilux contingencies on 
which the CKistcnce of each epecles depends. If we (or^t for nn 
inslant, thst each species tcnda to increase inordinately, and thnt 
aomfl check is always in action, yet seldom perceircd by us, tho 
whole economy of nature will be utterly obscured. Whenever we 
eon precisely say why this species is more abundant in individuals 
Ihaa that; why this specirs and not another can be naturalised in 
• given cotmtry ; then, nud not imtil then, wo may Justly feel Bur- 
prim why wo cannot account fur tho exiiuction of any particular 
' s 01 groop of species. 



Soncely any paln<ontological discovery is more striking than tlio 
filCt, that the forms of life change almost simultaneously throughout 
the world, lliue onr European Chaik formation con be rccogniacd 
in many distant regions, under the most diObrcnt cUrantes, whero 
Bot a fragment of the mineral chalk itself can be found ; namely. 
In North America, in equatorial South America, Ju 'I'icrra del 
l^icgo, at tho Capo of Good Hope, and in the peninsula of India. 
For at theee distant points, the organic remains in certain beds pru- 
■Ti unroistakcablo resemblance to those of the Chalk. It is 
Mt that the same species are met with ; for in some niecs not ono 
Ifadu U identically the mme, but they bolins to the same fnnii< 
hot, gensn, and seotiuna of genera, and sometime* are Bltnilorly 
•fcvacteriaed In such trifling points ns mere snperficial sculpture. 
■" ■, othrt forma, which ait not found in tho Chalk of Kumpe 
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hut wluch occur in iLc formationa either abg™ or telow, oocnr in 
tlie lame ordar at these dislnat points of the norld. la the aeversi 
BiiccessiTQ paliBOzoic forniations of Russia, Wcsttm Europe, onil 
^'orth America, a ajiailiir pariLlleliEin in the fotn» of life has been 
observed hj Bcreml authors : so it la, according to Ljell, with tho 
European and North American tertiaty de|x)ails. Even if the (ew 
fosail spi'cics which are common to thu Old aod Kow Worlds were 
kept wholly out of viotr, the general pataUelism in the BQcccKaiTo 
funns of life, In tho paheozoic and tertiary stages, Tcould sliU be 
manifest, and the several formations could bo easily corrected. 

'Iliese observations, however, relate to tho marine inhabitants of 
(ho world : wo have not suiScienC data to judge VFhother the pro- 
ductions of tho Innd and of fresh water at dlstaat poiola change in 
(he same parallel manner. We may donbt whether they have Ihua 
changed: if tho Megatherium, Mylodoo, Maorauchenia, and Tono- 
<lon hud been brought to Europe from La Plata, without any In- 
lonnation in regard lo their geological position, no one would have 
Buspectfd that they had co-existed with sea-shuUa all atill living; 
but as these anomDlous monsters co-ciisted with the Mastodon ami 
Horse, it might at least have been inferred that they had UvmI 
during one of the later tertiary stages. 

When tho marine forma of life are spoken of as having changed 
simultaneously throughout the world, it must not be supposed that 
this expression relates to the satno year, or to the same century, 
or even that it baa a very strict geological sense ; for if all the 
marine animals now living in Europe, and all those that lived 
in Europe during the pleistocene period (a very remote period as 
innunrcd by years, including tbe whole glacial epoch) were cam- 
)nrud with thoae now existing in South America or in Australia, 
tho most skilful naturalist would hardly be able to say whetiitr 
the present or tbe pleistocene inhabitants of Europe resembled most 
closely those of tho southern hemisphere. So, again, several highly 
competent observers maintain that the existing productions of tho 
UnilMl States are more closely related to those which lived in 
Europe during certain late tertiary stages, than to the present 
inhabitants of Europe ; and if this be so, it is evident that fossili- 
fr.rous beds now deposited on tho shores of North America would 
horcaller be liable to be cinesed with somewhat older Europeau 
treds. Nevertheless, looking to a remotely future epoch, there can 
be little doubt that all tbe mora modem ptarint formations, namely, 
tbe tipper pliocono, the pleistocene and strictly modem beds, of 
JCurope, North and South America, anil Australia, from containing 
lossll remains in some do^cc allied, and from not indudiiig IhcM 
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fonna tvbiob are Tound only in tlie older nnderly uig deposits, wo-uld 
be cotreclly ranked as liniultatiTOiie in 11 gcoli^ical tcoBO, 

Xlic fact of the fomu of life Dliauging aimultaiiMiisl)', in the 

above largB sense, nt distant parts of tbe world, Ims greatly alruck 

ftdmirablo obseirera, MM. de Vernouil and d'Archinc AttM 

lefurring to the parallelism of the patteoEOtc forms of life in various 

part* of Europe, they odd, " If, straek by tliis strange Be<|UCDce, we 

turn our attcutioQ lo Korth America, and there discover a ecriea 

ufiioalo3ouBph(jcomena,itwillflppeflxcerliiin that all these niodi- 

GcatioQs of species, their extinction, and the introduction of new 

" onee, cannot be owing to mere changes in marine onitcnta or otbci 

" ca.-taet more or less local and temporary,. but depend on gcneml 

laxra irhich govern the ivhole animal kingdom." IL Earraude 

tins made fordblo remarks to precisely the Bnmo cffivt. It is, indeed, 

quite fiiUIc to look to changes of currents, climate, or other physicnl 

conditions, ns the cause of these great mutations in the forms of lifu 

throughout the world, under the most different climates. We must, 

as Bamiudo has remarked, look to some special isw. Wo shall sco 

iioro clearly when no treat of the present distribution of organic 

bcin^ and find how slight is the rebtion between the pbysicul 

conditions of rarious countries nnd the nature of their inhabitants. 

This great fact of the parallel succession of llie fomu of life 
tbroiigbout the world, is explicable on the theory of natural selec- 
tion. New species are formed by having somo adrantage over 
Dldar forms; and the fonns, which ore already dombant, or have 
»)ma advantage ovc:r the other forms in their own coUDtry, give 
biKh to the greatest number of new varieties or incipient species. . 
Wb ImTB distinct evidence on this bead, in the plants which arc j|, 
daminnnt, that is, which are comjnotiest and most widely diffused, 
produduj; the greatest number of new varieties. It is also natural 
Uut tho dominant, varylug, and far-spreading species, vhich have 
■Iltaily invaded to a certain eitent tlie territories of other species, 
■bnilil be those which would have tbe bc«t chance of spresding slill 
ftvtbo', and of giving rise in new countries to otlicr nor varieties 
•nd species. Tho process of diOnsion would often be very alow, 
4oprading on climalal and geogrnphicat cbongos, on tlRinge acci- 
I, ami on tho gradual ncclimatisalioa of new species to tliu 
ntlctti clitnaU's through which they might havo to loss, but in 
Ilia oonne of time the dominant forms would generally succeed in 
ding and vould nllimately prevail. The dlffuaioo •vould, il ia 
lEDbttble, bo slower with tho icrrcslrial inhahitauts of dirtiuct con- 
Inienb tlian with tho marine InhaUUnts of tho to: tinuoat acu. 
tTn might thtTef>;ni e^cpcct to find, u we do tind, a leau strict d^po* 
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ai peralltliBtt) In tbo snccesHion of the produotions of the luid Ihon 
nith those of the k%. 

Tbus, as it seems to me, tlio pttrallal, and, taken in a Urge ecoHe, 
simuLlaQcooa, EQccession of tho same forms of life thronghout tUe 
world, accords well with the principle of new epedes Imping been 
formsd by dominant species spreading widely ond varyiiig ; the new 
ipecies thas produced being themselves dominant, owing to thdr 
having had some advantage over their already dominant [xirenls, as 
well OS over other Hpecies, and ^nia Bprcodin^, varying, and pro- 
ducing uew forma. Tbo old forms which are beaten and which 
yield their places to the now and victorious forms, will generally bo 
allied in groups, from inheriting some infi'riority to oommoD ; and 
therefore, as now and improved groups aprend throughout the worid, 
old groups disappear from the world ; and tbe succession of forma 
everywhere tends to correspond both in their first appearance and 
final disappearance. 

There is one other remark connected with this subject worlh 
making, I have given my reasons for believing that most of our 
great formations, rich in fceails, were deposited during periods of 
subsidence; and that blank intervals of vast duration, as far as 
fusails are concerned, occurred during tho periods when tbe bed of 
the Bca was either stationary or rising, and likewise when scditnent 
WHS not thrown down quickly enough to embed and preserve organic 
remains. Duriog these long and blank intervals I suppose that tliu 
inhabitants of each region underwent a considerable amount of 
modification and extinction, and that (here was much migntllon 
from other parts of tho world. As we have raisoti to believe that 
largo areas are alTected by the snrao movement, it is probable that 
strictly contompornneons formations have often been accnmulaled 
over very wide spaces in tho same quarter of tho world ; but wo are 
very for from having any right to conclude that this has invariably 
been the case, and that Urge areas have invariably been afleoUd by 
the same movements. When two formations have been deposited 
in two regions during nearly, but not exactly, the same period, wo 
ihould find in botl), from tho causes explained in tho foregoinj; 
paragraphs, tlie same general succession in the forms of life ; but 
the species would not exactly comxipODd; for there will have been 
a little more time in the one region than in tbe ether for modifica- 
tion, eitinctioo, and immigration. 

1 suspect that cases of this nature occur in Europe. Mr. 
rrestwich, iu his admirable Memoirs oa the eocene deposits of 
Englaod and Franco, is able to draw a close general parallelism 
'Hjtwecn the succesaive Binges in tho two countrits ; but when he 
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comparM cwlain eUsfs in England wilh those in Fmace, allLou^li 
iid finds in boih a cariooa nccordiDCO in the numbers cC the Epecirs 
bolon^ng to the latne gencia, j'ct the species fhenuctTca dilii-T fti 
k manoer very difficult to account for considering the proiimily 
ot the two arcoB,— nnlcsB, indeed, it be Bflsumai that nn isthmun 
nrpBistad two kob inhabited by distinct, but contempomneoiia, 
faooas. Ljrell bu mado similar ohscrvBtions on some of the lat^r 
tcrtiuy fomiitlions. Bamwdc, olso, ahawa that tliore is a striking 
gcDcrnl porellolism in the auccessive Silurian deposits of Cuhemin 
and Scvulinavia ; nevcrtbclcsa he Gods a surprising amount uf 
diScreoce in the species. If the several rormatlona in these regions 
have not been dejiosited during the Mtne exact periods, — n forma- 
tion in one trgion otlen corresponding with a blank interval in the 
other, — and if in both regioDt the species hkve gone on slonly 
changing dnrii^ the acciuiiBliition cf tbe seYeral fonnaliona and 
daring the long intcrrals of time between them ; in this case tliu 
■crenl Ibnuations in the two regions could bo amingeJ in tbe siiiuh 
order, in acoordance wilb the general sneceasion of the forma of life, 
nod tbo order would falsely npp«iir to he strictly parallel; nerei- 
Ibclcsa the species would not be all tba snmu in tbo apparently 
miTESpanding itages iu the two regioDs. 

0» <Jte AJ^niliri ^Extintt Sftcits to tacit Mcr, and to Living 

Let us now look to tbe mutual nlRnilies of extinct and living 
■IWCiea. All fall into a few gmad classes ; and this fact is at onco 
rspUtnod on tbe principle of descent, llio more ancient any fonu 
ore, OS a gencml rule, it differs from living fonns. But, 
u UtMkland Ion;; ago remarked, extinct species cnn all be classed 
[ (itbar in slill existing KroQpe, or between them. That the citiuct 
a of Ufe bclp lo ftU np the intervals between eiisting genera, 
I- bmiUo*, and orders, ia cerlaioly truQ; but as this statement has 
1 oftsn been ignored or oven denied, it may be well to make tomo 
remarks ou this aubjcct, and to gtvo some infitoncea. If wo confina 
otir attention either to the living or to the extinct species of tbo 

I umv class, the series is far less perfect than if weeombino bath into 
MC general system. In the writings of Profesaor Owen we coatinnnlly 
HMM with the exprcuion of generalised forma, as appUcd to extinct 
snimalat and in iba writings of Agaasiz, of prophetic or synihelio 
lypts-, and these terma imply that auch funns aru in fact inter- 
lukflata or connecting Ibks. Another distinguished pnlicontolagiat. 
H. Gandiy, bas shown in tbe most striking mimner that matiy of 
ll« fcHiil mamn.ilj) dSsuovercd by Mm in Alliea serve In brt^ik 
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down Iho intervals between existing genDn. Cuvier nnkcd iLe 
ItumioHnU and l*BcbydormB, ns two of tha most tliEtiact orders of 
luummalB} but ao man; Tosail links liave bc«n disentombed th.it 
OwoQ biu had to allcr tho wliule clussilication, and bu pLiteil 
certain pucliyderms in tho Biimo Bub-ordor with rnminantai fur 
fxampic, he dissolves by gradations tbo apparently wide iDtcrvnl 
botweon the pig and the camel, 'ilio Ungulata or hoofed quad- 
rupeds sre now divided into the even-toed or odd-toed divisions; 
but the Macrauchenin ot 3. Ainerica cocnoctB to a certain extent 
these two grand divisions. Ho ono will deny that tho Hippaiion is 
intcrmiHliato botwcea the existing horse aad ocrlsin older iuigakl« 
forma. What a wonderful connecting link in the cliaia of mammnU 
is the Typotherium from S. America, as the name given to it by 
ProfcSBor nervals cxpteraea, and which cannot bo placed in any 
existing order. The tiireni& form a very distinct gix>a]> of maramaU, 
and ono of the most remarkable peculiarities in the existing dagocg 
and bmoDtin is the entire absence of hind limbs, without even a 
rudiment being loft ; but the extinct Hnlitherinm bud, according 
to Professor flower, an oasiSed thigh-bone " articnlatod to a well- 
deBned occtahuium in tlio pelvis," and it thns mnkea some apprvnch 
lo onlioary hoofed qundnipeds, to which tho Sirenia are iu other 
respects allied. The ceLaceans or whales are widely diOeront Irom 
all other mammals, but tho tertiary Zeuglodoa and Squolodon, 
wltich have been placed by some natumlisti in an order hy thcm- 
Rclves, are considered by I'roftssor Iluxley lo be undoubtedly cctJi- 
ceana, " and to couEtitulo connecting links with the aquatic cat- 
Even tho wiilo interval betw«n birds and reptiles has been 
shown by tbo nntunilist just quoted lo be parlially bridged over iu 
tho most nnexpcctcd mauncr, on tbo odo h.iud, by tho ostrich and 
extinct Archoopteryx, and on the other band, by tlio Comjjso- 
gnathns, one of the Dinosaurians — that group which tnctades the 
most gigantic of all terrestrial reptiles. Turning to tho Invorte- 
brata, Barrsjido asserts, and a higher authority could not bo named, 
that he ij every day taught that, nlthough palicozoic animals can 
certainly be classed under existing groups, yet that at this ancient 
period tho groups wore not so distinctly Ecpamtul fiom each other 
us they now arc. 

Some writen have objected to any extinct species, or gronp ot 
species, being considere't as intcrniediato between any two living 
species, or gronps of spociei. If by this term it ia meant that 
nn extinct form is directly intermediate in nil its charnctcra be- 
Isvuen two living forms or groups, the objection Is pruhahly vd 
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Bot in a natntol clasEification manf fosGil Epecica ccrtaioly Rtaod 
betiraeii living species, ond gomo eitinct p:inOT» b«tween livinc 
gcaoT*, eveo butvit^eu gonem bolon^iitg to distinct f&niilLea. 'i'Le 
iiiosl common cbbc, especially with respect to Tery distinct groups, 
Hiich as fi«h and reptiles, accms to bo, that, supposing them to bn 
dialinguisbed nt the present day by a score of cbamctcrfi, the ancient 
niombeni are sepBraLcd by a somowhat leaser number o( cbaractera ; 
H> Uiat tlie two gronps forniorly made a eomowliat nearer appivRcli 
to tub other than they now do. 

It :■ a oomiaon belief that the more ancient a form is, by ao 
much the more it tends to connect by some of its chnmctcrs gronps 
uutT widely separated from each other. Iliis remark no doubt 
must bo restricted to those groups which have undergone much 
cbuigo in the course of geological ages; aud it would be difficult 
tu proTB the truth of the prcjwBltion, for every now and then oven 
a living animal, as the Lopidosiren, ia discovered having BfllnitirB 
diiecled towards very distinct grvups. Yet if wo compare Ibu 
oidor Kcpliles and Iklrachians, the older Fish, the older Cepliii- 
to[iads, and the cooene Mammais, with tho more recent members 
of Um lama cLuses, wo must admit that there is truth in the 
remark. 

Let tts SCO how fnr these several facts and infcrciiCFS accord with 
tho theory cif descent with modificntion. Aa tlie Bubj(<ct is some- 
what complex, I Riiut requoiit the reader to turn to the diagraiu 
in tba fourth ubapter. Wo may suppose that tho numbered letters 
in italic* ivpreMcnl genera, and the dotted lines diTcrgin^ from 
them tho species in each gentia. llio diagram is much too slmplD, 
too few goneia and too few speciea being given, but this ia iiij- 
imporlant for us. Tlio horizontal lines may represent bucccssIvo 
grolagwal formations, and all tho forms beneath the iippermost 
lino may be considered na oitinct. The three existing genera 
''•^"ij^'i ""'U fofw " small family; t" and/" a closely allied 
sub-family ; and 0", «", m", a third family. 'IIiom 
i together with tho many extinct genera on the 
a of dewwnt diverging fVom tho parent-form (A) will 
"or] fiw all will hare inherited something in common 
iDcient progenitor. On ihs ptincipio of the continued 
BOy to divi'rgcncQ of character, which was formerly illus- 
tntfd by this diagTam, the raoro recent any form ia, tho more 
k will genonlly diOcr from its ancient progenitor. Henoa wo 
^^ mn understand the mle that tlie moat ancieut fossils differ mout 
^^ (mn Misting (ormiu Wo mast no^ huwerer, assume that direr* 
^B flencc of eb»r«cIor in a neceoary contliif^ncy ; it tleptnids solely 





on Iho desceoda&ti from & species li«ias thns enabled I 
Dimiij' and diflerent placet in the econoniT of nsttire. Thcrerora it 
is quite possiUe, ■* we bars seen in the case of eome Siloriwi fomaa, 
that » ipeciM might go oa being elightlj modified in Klalioo 1o 
iu slightly altered conditions of life, and yet retain Ihroughont a 
Tut period the caine f^eoeral characteristics. This ia icpreseitted 
ID tbe digram by the letter r". 

Ail the many forms, extinct and recent, descended frtna (A), 
make, aa before retnarked, one order; and this order, from the 
comianed effects of eitioctioD and diyergence of cbaracier, has 
become diTided into several sub-families and families, some of 
which are supposed to Lave pcriKhed at different periods, and some 
to liave endured to Iho present day. 

By looking at tho dii^nim wo can see that if many of the extinct 
forms supposed to ba imbedded ia the succesnve fonnations, tcore 
disco7ercd at several pinnts low down in the series, tbe three 
oxiiling liunilics un tbe uppermost line nould be Tendered less 
distinct from each other. If, for insUinco, the genera a', a', «", 
f, la\ m*, Tu*, were disinterred, these three families would be so 
clMely linked together that they probably would have to be united 
into one great family, in nearly the same manner as has occurred 
with mminants and certain pacbyderms. Yet bo who objected to 
consider as intermediate the extinct genera, which thus link together 
the living genera of three families, would bo partly justiGcd, for 
iliey are intermediate, not directly, bat only by a long and dr- 
rse through many widely different fonns. If many 
exlioct forms ncre to be discovered above one of the middle 
horizontal linos or geobsical formations — for iustoncc, above 
No. VI. — but none from beneath this line, then only Ino of 
(lie families (those on tho left band, n", &c., and ft", &c) would 
have to bo nnited int« one ; and thcie would remain two families, 
wlijch Tvould be less distinct from each other than they wbio 
before the discovery of the fossiU. So again if the three families 
formed of eight genera (n" to m"), on tho uppermost line, to 
EUppoGod to differ from each other by half-a-dozca important 
rbaracters, then the families which existed Dt the period markeil 
VI. would ecrlainly have differed from each other by a less nnmber 
of ehoracters; for they would at this early stage of descent havo 
diverged in a less degree from their common progenitor. 'ITius it 
comes that ancient and extinct genera aie often in a greater or Icai 
degree intermediate in character between their moiliSed descendants, 
or between their collateral relations. 

Under natnre the proectc will bo fir more eomplieatwi than U 
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represented in the diagrain; Tot tbe croups \[iU havo been moru 
numeroQB ; tbejr will hnve cndurod for eztremel^r uneqaal ion^tlis 
of time, and will have been modified in various degrees. A» «e 
posaeu onlj the loit volume of the geologicnl rocord, itnd that in 
• very broken condition, wo havo no right to eipcct, cxcoft 
in nro cases, to fill Dp (be wiac intervaU in the nstural sytli-ni, 
■nd thuB to nnile distinct families or otdcrs. All that vte have 
k right to expect if, that those gioujs whicb bavc, within known 
geological pi'iiods, nndcrgone mucb modification, should in tlic 
older fonnations make lomo alight Bpproiich to each olher ; bo 
thttt the older mcmbera should diETcr lc«s from each other >u 
nma ot their charactns t'nan do the existinr; members of tlio 
tame (tronts; and this by the concurrent evidence of oor Utt 
inlieontologistB is frequently the case. 

Tbtti, on the theory of descent nith inoilificatian, the main fuels 
with respect to the mntual affinilieB of the eilioct fonns of lifo 
to tscb other imd to living foiros, Are explained in a satisfactory 
manner. And they are wholly incipUcablo on any other view. 

On this came theory, it le evident that ibo founa during any 

otni great period in the earth's history will be intprmodiale in 

gcneni diaractcr between thai which preceded and that whicli 

•nccveded it. I'biu the Epecies winch lived at tho aixth great 

k atiigB of descent in tiio diagram are tho modified ofispring of those 

' 't lived at tho fifth stage, and are the parents of those wbicli 

I tocunc atill more roodifiod at the seventh stage ; hence they eould 

L hardly fail to be nearly intcnncdiate in cbamctir between the forma 

f of lifa Above and below. Wo must, however, allow for tUo entira 

I ulinction of aomo preceding forms, and in any one region for the 

1 tinmigntion of new farms from other r^ous, and for a lar^ 

I amount of modification daring the long and blank intervals bctuccu 

1 Iho auccMsive formations. Kubject to tbrae allowances, the fauna 

I cf oicli ecological period nndoubtedly is intermediale in character, 

between the preceding and succeeding faunas. I need Rive only 

»na insUnctr, namely, the manner in which tho fossils of tho 

Dcvoitlan syslem, when tlii* EyBlcm was firit discovcreJ, were nt 

OOM recognised by paUeontologists bb inlennediate in character 

between thoso of tho overlying carboniforoos, and underljins 

' Sihinon aystcmii. Bui each fmina is not ntoesurily riactly inter- 

J IDMllate, U unM|nal inter^'ali of time have clapsi-d Ixtween oro- 

I ««Qti*a furmuliuni. 

It it no real ohjociion to the milh of tho «tntemrnt th»t the 

it of inch period as n wbola Is nearly intrrmediala in cliaracti-r 

[ bitreen the jirocoding and succeeding Cinnns, that rcrtaln pnora 
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olTcr ciCPplioDS to the rule. For instnncc^ tlie ipecics of mutodoM 
und elepijoQta, when arranged by Ur. Falconer ia Iud miUa 
iho fitst place according to their inutual affioities, anil in the ac 
placa according to tbeir periods of existeooe, — do not aooonl ii 
itrrangemeat. The species extreme In cbaisctw ttv not Uiec 
or the moat recent; nor ara those which are intmiiediUa in 
iiictfr, intermediate in a$e. But luppoiiag for an initant, u 
niid other aoch chbcs, that the record of tho Gnt appMmico a 
diiiappeixraiico of the species was complete, which ii £iir from I 
cue, we ha<re oo ttoson to believe that fivms auocesskvely pruloo 
□ccessfuily endure for ooTrespondiog Icngtha «f time. A 
ancient form may occasionally have lasted much longer than a 
elaevvhero Eobsequcntly producod, especially in t~ 
trial productions inhabiting separated districts, 
thingi with great ; if the principal living and extinct r 
domestic pigeoa ^ero arranged in serial alUtiity, tbia a: 
would not closely accord with the order in time ut Uitii ptodnclioB, < 
and even less with the order of their disappearance ; lot the paivat 1 
rock-pigeon still lives; and luauy varieties between the rack-jy 
and the carrier have become extinct; and curien which t 
exiiemo in ibo important chartctcr of Icogth of beak ori<unatd 
cnrUcr than ahort-bcskcd tuiabters, which an: at the oiiponile c 
of tbo series in this respect. 

Closely connecCed with the statement, that the ai^uAc r 
from an intormediste formation are in soma degrto intcnaadial 
in character, is the fact, insislod en by all lAlKontoIogists, tl 
foKsiJs from two consecutive formations .ire ror mortt cloiely n 
to each other, than are the fossils from two remote forma: 
I'ictot gives as a well-known insUuioe, tho general resambUii 
the organic remains from the several stages of the Chalk fon 
tion, though tbe species are distbct in each stage This t 
from its generality, seems to have shaken IVofesfor Pictct I 
bis belief in tbe immatabitity of specioa. Be who ii 
with the distribution of existing species over the f^loH, will v 
nitcmpi to aceount Tot the close reKmblnnce of distinct iiptcl« iu 
closely consecutivo formations, by the physical conditiona of the 
anciout areas having remained nearly the aimo. Let it be ranem- 
bcrcd that Iho forms of life, at least those inhabtling Iha Ht, bsM 
changed almost simultaneously throughout U>e world, and tbctfr 
I'ors under tho most dift'erent elimat«s nnd oonditiaiiB. UootidiT 
tho prodigious vicisaitudra of climate during tho pleUloeinM perie^ 
which :Ddude8 tho whole glacial epoch, and note how 1 
■pecific forms of the inhabitants of llic sea have been af^tnL 
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On tba tbegiy of ileEccnt, the (dU nicaning of tbe fossil rGmalDs 
clowjly coQseouiive formations boing cloKely relaicd, tliotiph 
Miied u JJBtinct ipeciei, \% obvious. Ah the accumnlatioD of racli 
tion hnB often bom intcrniptcd, and lut long bUnk intervitlii 
inUrreacd between successive fomiuliuDs, we ought not to 
Kpect to find, as 1 attem])Ied \a show in the Inst chapter, in Bn;- 
o formations, all the mtennediate TOrieticB between 
le ^eciM which appeared at (he commencement and cloeo of tboie 
griodi: bnt we ought to find after iotccvalsivorylongacineiuarod 
' years, but only modemtely long 08 measured gcolof;icaUy, 
osdy allied forms, or, ss they have been called by some nuthor;', 
t^rcaentative species ; nnd these assuredly wo do find. AVo find, 
lid (hart, toch cridenoc of the alow aod scarcely seosible mulatit-iis 
<f apcdflo forms, as we have the tight to cxfcct 

onipareJ wMi Lteiiiy 

Wo hare seen in the fourth cliaplcr th.tt the degree of diScrentia- 

W and speoialiaation of the parts in orgnnic being*, when arrived 

. maturity, ia the best standnrl, as yet suggested, of their dcpro 

' perfection or highnou. We have also seen that, as the special!- 

lion of puts is an advantage to each bcingfso natural selection 

ill lend to render the oi^onisation of each ^xiag more spccialisprl 

td perfect, and in this sense higher; not but that it may leave 

any creatures with aimpla and unimproved structurcH fitted for 

nple conditions of life, aod in some cases will even degrade or 

nplify the organisation, yet leaving such degraded bvings better 

itUA for their new waits of life. In another and more geni^ml 

IMiuier, HEW sptciea become superior to their predecessors ; for tbey 

beat in the struggle for life all the older forms, with whicli 

they come into cIoeq competition, Wo may therefore conclude 

"" if under a nearly similar climate the eoceno inhabitants of the 

world could be pat into competllioa with the existing inhalntanis. 

Am former would bo bcalon aof exterminated by the latter, ss 

■oold the socondary by the eocene, and the poheoioio by the 

NODDdary forms. Ho that by this fundamentnl test of victory in 

tiw lAtlle for life, as well ns by the standard of the sprcialiiatiou of 

|uia, modern forms ought, on the theory of natural Klcction, to 

wd tiigher than ancient forms. la this liie case ? A Lirge 

»]ori9 of poUcoutologiala wonld answer in the oQirmalive ; and it 

eaa (hat Uiis answer must be aJuittcd as true, though dilBcuU of 

U U OO valid objeclion lo ibis concluuoo, that certain BracliiO]ii«l* 
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liafo been but ■ligbtlyrnMlified from an extremely remote geological 
cpocb ; nod that certain land and frcdi-water slieils bave rcmalnod 
nearlj the mmo, txraa (be time nben, u far M is kcowii, Ih^y finit 
appeared. It is not an iusnperaliledifficultj tLatForaminirerahaTe 
Dot, as iosiated on by Dr. Ciupenter, progre^wd in organisation aion 
even tho Laurentiaa epoch ; for some organinna would haTo to 
remain Gtlcd for limple conditious of life, and what could ba better 
Sited for tliU end than these lowly organised Protoroa? Snch 
objeotioDS as the above vonld bo fatal to my view, if it included 
advance in or^sisation «a a necessary contlngeot. They would 
likewise be fatal, if the above Foraminifera, for instance, could be 
pioved to have Brat come into existence during the Laarontian 
ejxich, or the above Bracbiopoda during the Cambrian formation; for 
ill this caar, there would not have been time luSicient for the 
devclopmciit of these organisms up to the standard which they 
Imd then rcacbed. When advanced up to any given point, there is 
no ni-cessity, on the theory of natural selection, for their further 
continued progress ; though they will, during each succeBsire ago, 
hnre to be slightly modified, so as to hold their phtces in reUtion to 
slight changes in their conditions. The foregoing objections hingo 
I'n the question whether ne really know how old the worid is, and 
at what period the vmioua fonas of life flrst appeared; and this 
may well be diaput^. 

The problem whether oi^niMtion on the whole has advanced is 
in many ways ciceasivety intricate. I'ho geological record, at all 
limra imperfect, docs not extend far enough tack, to show with 
immistakeablc clearness that within the known bialoiy of the world 
organisation has largely advanced. Even at the present day, lookinj 
to members of the same class, naturalists are not unanimous which 
fonns ought to bo ranked as highest : thus, some look at the 
selaceana or sharks, from their approach in some important points 
of Blructura to reptiles, as tbo highest fish ; others look at the 
tcleoateans as the highest. The ganoids stand intermediate between 
the selaccans and teleostcaus; the latter at tbo present day are 
largely preponderant in number; but formerly selaceana and 
ganoids alone existed; and ia this case, according to the standaid 
of highness chosen, so will it be said that fishes hare advanced or 
retrograded in organisation. To attempt to compare members of 
distinct types in the scale of highness seems hopeless; who will 
d'K:ido whether a cuttlo-fi»b be higher tlian a bee — that insect which 
the great Yon Baer believed to be " in fact more highly orgatiised 
Ihan a fish, although upon another typo"? In the compleistnigglo 
fur life it is quite credible that crustaceans, not very high 



itnigglo ^H 
in their ^^1 



Ancieftl and Living Forms. 



309 



aim cUm, miglit beat cophaloinds, the highest molliiacs ; and such 
erustnccoDS, though not bigbl; developed, would xtaod very high in 
tbe scttie of invcrtcbralo animals, ir jndged by tliB raost decisive of 
•11 trials — the Law of battle. Beudes these iuhcrect diBicultiM in dc~ 
ddlQj which fonoa are the most advanced in orgftQisalion, we ought 
Bolcljr to compare the highest members of a class at any tw<i 
,'penodi — though undoobtcdly this is one and perhaps tho most 
, bnpoTtAnt element in striking a balance — but wo ought to compnra 
DX Ite tnemlxTs, high and low, at the two periods. At an »neieot 
kpoch the highest ttnd loweHt mollusccidal animals, namely, ccphnlo- 
Is and bmchiopoda, swarmed in numbers; at the pnsent time both 
roups are greatly reduced, whilst others, intermediate in organiBation, 
) Urgoly increased; consequently some naturalists maintain 
bat DwUuscs were ronnerly mora highly developed than at preseut ; 
bat » ttroDger case can bo made out on the opposite side, by con- 
jderiog tho vast reduction of brachiopods, and the fact that mir 
BlUtiog cephalopoda, though few in number, are more highly orgn- 
Dued than their ancient rcprcsentalircs. We ought also to compare 
i(bo relative proportional numbers at any two periods of the high and 
s throughout the world : if, for instance, at the present 
day fifty thonsaud kinds of vertebrate animals exist, and if wc knew 
tliat at tome former period only ten thousand kinds existed, wo 
OOglit to look at this increase in number in the highest class, which 
iicpliei a great displacement of lower forrDS, as a decided advance 
in tho oi^ianisatioQ of the world. Wa thus see how hopolesEly 
fliffioolt it is to compare with perfect fairness, under such o;[trcnicly 
s relations, the standard of orgrtniiatiDD of tho impcrfcctly- 
known founas ofsucceuive periods. 

W« shall appreciate this difficulty more clearly, by looking lo 

trtain exitting faunas and Doras. From the extraordinary moontT 

I wlueb European productiona have recenlly spread over Kew 

nlnnd, and have seized on places nhioh must haTO been previously 

cupied by tho indigenes, we must believe, that if all the animals 

d plant* of Great Brilain were set free in New Zealand, a tnnlti- 

ds of British forms would in tho course of time become thoroughly 

ptnralised there, and would exterminate many of the natives. On 

10 other hand, from the fact that hardly a single Inhabitant of the 

SUth«m hemisphero has become wild in any port ot Europe, wi 

rclldoubt *holher, if all the productions ut New Zealand wcni 

le in Great Britain, sny considerable nuiul-er would bo enabled 

te on places now occupied by our native plants and sninrnU. 

Indet tliii point of view, the productions of Great Vritoin stand 

& h^hcr in tiio scslo tbou Uioao of New Zenlond. Yet the 
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most skilful naturulist, from an esftiuinalioQ of the spedet of thfl 
two coUDtrieB, could not have fureseen this result, 

AgaasiE and several otbw highly competent judges ioiist tbat 
nncieut snimols resemble to a certain extent the ombryos of recent 
anim&U belonging to Ibe some classes ; and that the geological buc- 
cession of extinct forms ta nearly parallel with the embryological 
development of ciiating fcrms. This view aocorda admirably well 
with our theory. In a future chapter I shall atlempt to show that 
the adult differs from its embryo, owing to Tariitions having 
supervened at a not early age, and having hera inhciitcd nt a 
corresponding a^ This process, whilst it leaves the embryi 
almost unaltered, continoally adds, in the course of aacoossivc 
gcnentions, more and more differenca to the adult. Thus tlio 
embryo comes W bo left as a sort of picture, preserved by nature, of 
the former and less modiScd condition of the species. 'Iliis view 
may be true, and yet may never be capable of proof. Soeiu^, fur 
instance, that tho oldest known msmmals, reptiles, and fishes 
strictly belong to their proper classes, tboQgh some of these old 
forms are in a sU;:ht degree less distinct from each other than are 
the typical members of the samo groups at the present day, it 
v'oald be vain to look for animals having the commoncmbryologicnl 
character of the Vertebrata, imlil beds rich in fosaila are discovered 
fiir beneath tho lowest Cambrian strala — a discovery of which the 
chance is small. 

On il.t Snfcetaion 0/ the same Ti/pfs tcil/iin the tame AreaK, 
during llit later Terffary periods. 
Mr. Ctifl many years ago showed that the fossil inammals from 
tho Anstrallati caves wero closely allied to Ihe living raarsuiMiits 
of that continent. In South America, a similar relationship is 
manifest, even to an uneducated eye, in the gigantio pieces ol 
armonr, like thoso of the armadillo, found in several parts of Ln 
Plata ; and Professor Owen has shown in the moat stdking manner 
Ihat most of the fossil mammals, buried there ia such nnmben, aro 
related to South American types. Tliis relationship is even more 
clearly seen in the wonderful collection (^ foasil bones made by MH. 
Lund and Clausen in the caves of Brazil. I was so much impressed 
with these facts tbat 1 strongly insisted, in 1839 and 1845, on this 
" hiw of Iho snfxession of types," — on " this wonderful relationship 
in the same continent between the dead and the living." Professor 
Owen has subsequently extended tho aamo generalisation to the 
mammals of the Old World. We see the same bw in this author's 
rtslorationa of the eiliuct and gignntio birds of Xcw Zo,iland. Vi't 
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lee it ftlao in the birds of llio caves of Crazil. Mr. Woodwnrd lias 
•hown Uiat ttao same law holdi good iriili sea-shcllfi, but, froDi llie 
wide distribution of most molluscs, it is not wtll displayed by 
them. Other caacs coutd bo added, as the rt^latioa between t!ic 
eilioct and living laQd-fbclls of MadciiB ; and between ths eztiucL 
and living brackish water-shells of tho Aralo-Caapian Sea. 

Kovr what dues this remarkable hiw of the sttcccssion of the 
Mnto types nitbio theiama areas mean? lie would be a bold man 
wbo, after comparing tho present ctimato of Australia and of parts cf 
South Antcrica, under the mme latitode, would attempt to iccouot, 
oa the one bond through dissimilar physical conditions, for the 
djasiniilarily of the inhabitants of these two cantioenta; and, on tbc 
othet hand through uroilarity of conditions, for tho uniformity of 
thq lauM types in each cootinoot during the later tertiaT7 periods. 
Korean it be pretended that it is an immutable law that maranpials 
should have been chieBy or solely produced in Australia; or that 
Edentata and other Amcricaa tyiMS^ould have been solely prodaced 
in South America. For wc know that Europe in andent times was 
peopled by numerous maivupials; and I have shown in tho publi- 
cations above alluded to, that in America the law of distribution of 
tcneetrial tnemroala was formerly diQerent from what it now is. 
Korth America formerly partook strongly of Iho present ebaracler 
of the southern half of tho continent 1 and the southern half was 
I furniecly more closely allied, tliaa it is at present, to the northcru 
la a similar manner we know, from Falconer and Cauttey's 
[ disooTeiies, that Northern lodia was fonnerly more closely rotated in 
I lis mammals to Africa than it is ht the presEnttimo. Analogous facts 
cuitld be given in relation to tlio distribution of marine animaW 
On the theory of dvsceot with modification, the great law of the 
1 long enduring, but not immutable, succession of the same types 
L williLo the tamo areas, is at once explained; for the inhabitants 
L «r goch quarter of the world will obviously tend to leave in that 
1 quarter, during the next succeediug poriod of time, ctoicly allied 
I tiiough in «omo dosroo moditiod desccDdunts. If the inhabilnnls 
I of ouo cuulJnent formerly differed grrally from thosa of another 
I Gontiumt, ao will their modified dcfcendouts still differ in nearly 
ite manner and degrtt. But after very long inlervala iif 
[ tlpn, and oftcr great googiajihienl changes, pcrniittiug much inler- 
1 migmlion, tbu fuvbler will }iel>l to tho niurv doniinnnt forms, and 
I tbera will bu iiolhing immutable in the dlstiibullon of or^auiu 
L Wii^pi. 

It may bo aiked in ridicule, whether I suppcws that tbc mcgatlio- 
rihm ud oUaa allii.J hneo monsters which formerly lived in 
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South Americn, have left Ttehiad tbcm tbo sloth, anuailillo, ani] ' 
auiciiter, u theii degenerate ileEceadiiDtB. This cannot for an ' 
instant be admitted. Thcee hnge aairoals hava becomo wholly 
citioct, and havo left do progeny. But in the eaves of Bnull, 
there are many extinct KpecieB ^rhich are closely ullkd in size nod 
in all other chamctcn lo tbo Bpccios Etill living In Sou'.h America ; 
and Bome of these fos«la may have been the actnnl progenitors of 
tho living species^ It miist not he forgotten that, ou oni theory, 
\11 the species of the same genua are the descendants of some one 
species ; so tliat, if six genera, euib having eight species, be found iu 
oDe geological formation, and in a succeeding formation there be six 
other allied or representative genera each with the same number of 
species, then we may conclude thatgencrally only odd species of each 
of the older genera baa left modified desccudauts, which constitute 
the new genera containing the several species; the other seven 
species of each old genus having died oat and loft no pro^ny. Or, 
and this will be a far commooer case, two or three speciw in two 
or three alone of the six older genera will be tlie parents of the new 
genera : the other species and the other whole genera having hccomo 
utterly extinct. In failing orders, with the genera and species 
decreasing in numbers as ia the case with the Edentata of South 
America, still fewer genera and spedea will lekve modified blood- 
(lesccndaDlu. 

Sammnry of tlie preceding aud pitseat CliapUri. 
1 havo atlempted to show that the geological record is extremely 
imperfect ; that only a small jiartion of the globe has been geo~ 
logically explored with care ; that only certain classes of organic 
beinga have been largely preserved ia a fossil state ; that the 
number both of spectrocns and of species, preserved in our musenma, 
is absolutely ts nothing compared with the number of generatiooa 
which must have passed away even during a ungle formation ; that, 
owing to subsidence being almost necessary for the accumulation 
of deposits rich in fossil species of many kinds, and thick enough to 
outlast future drgradation, great intervals of time mujt have elapsed 
between most of our successive formations ; that there has pro1»bly 
been more extinction during the periods of subsidence, and mors 
variation daring the periods oF elevation, and doting the latter llie 
Tscord will have been least perfectly kept; that each single forma- 
tion has not been continuously deposited ; that the duration o( 
each formstion is, probably, short compared with the average dunm ■• 
tion of specific forms : that migration has played an important part < 
U) the first appearance of new forms in any one area and formation ; 
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bat widely nnging spDcics nre those which beiTo varied niiwt fre- 
Jnently, and have oftcnost given rise to new species ; that v.irietiea 
e at fint been local; and lastlj, althougli each vpccics must 
B passed thiongh numcrons trannitionol etagea, it is probable 
tt the periods, during which each undcnveut modification, though 
my and loog as measured by years, have been short in com- 
n with the periods during which each remained in an un- 
[iged condition. These causey taken conjointly, will to a largo 
extent explain why — though we do find manj links — wo do not 
6ad interminable Tsrieties, connecting together all extinct aud 
existii^ forma bj the finest groduaied «t4.'p«. It fbotttd also be 
constantly borne in mind Ihat any linking variety between two 
fbmu, nbich might be foBod, would bo ranked, unless the whole 
chain could be perfectly restored, as a new and distinct species; 
for it is not pretended that we bavo nny sure criterion by which 
L Species and vaiietiea can bo discriminated. 

lie who rejects this view of tbo imperfection of the goolc^icivl 

cord, will rightly reject the whole theory. For ho may ask in 

jia where are the numborleas transitional links which munt 

■lonnerly bare connected the closely allied or representative specie*, 

I'uuiid in the successive stages of the same great formation ? Ilu 

f nay disbelieve in the Immense intervals of time which must hat'c 

I tUpeed between our consecutive formations ; ho may overlook how 

I important a part migration bos played, when the formations of any 

a great region, as those of Europe, are considered ; he may iiri>u 

I the apparent, but o^en falsely apparent, sudden coming in of whole 

. iTOUpe of species. He may ask where are the rcraains of those 

infinitely numeroos orsanisms which mnst have existed long before 

the Ouubrion system was deposited ? We now know that at least 

^ aoimal did then exist; but I can answer this Inst question 

only by supposing that where our oceans now extend they have 

piHtdeii for oo enormous period, and where our oscillating con- 

mta DOW stand they have stood since the commencement of the 

n fystem ; but that, long befOTo that epoch, the world pre- 

Bted a widely different aspect ; and that the older continonla, 

1 of formations older than any known to us, exist now only 

n mctaraorphosod condiiion, or lie still buriod under 

Passing &om these difficullles, ibc other great leading facts in 

pdaootology agree admirably with the theory of descent with 

modiftcatkin throngh variation and natural selection. Wo cod thus 

11 ■ndantand how it Is Ihat new specie* coma in slowly atid succe*- 

j^Hif«l]r; bow species of diflcrcnt classes do not necessarily chaii){u 
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together, or At tlie sama rate, or in tlie sudq dogree ; yet ia ti 
long run thai nil undcr-o modiScatioa to some axtent. The ex- 
tinction of old fonns is tlia almost mevilabte conBegusDce of Lbo 
productioD of now rorrtia. We can undeistand whf vhea u upcclcs 
has once di«appeiircd it never reappears. Groups of species incrooso 
in Diunbers slowly, nnd endure for unequal periods of time ; tor tbo 
process of tnodilication is necessorilj slow, and depends on maiijr 
complex contingencies. The dominant species belongii^ to liirgo 
and dominant groaps tend to leave mon^ modified descendauta, 
which form new sub-gronps and groupii. As these ere tbrmed, tha 
species of the less vigorous groups, from tlieir ioferioritr inherited 
from a common pn^eoitor, tend to become extinct together, and 
to leave no modifiol oQspring on the &ce of the earth. But tl 
utt«r extinction of a whole group of species hns sometimes b«eB|l 
a slow process, from the smrival of a few descendants, lingering.] 
in protKtcdaud isolated sitiuttiaos. Wbou a group has ooco wholly 
disappeared, it does Dot reappear ; for the link of gecienitioa hna 
been broken. 

Wo can understand how it ia that dominant forma which spread 
widely and yield the greatest number of varieties t«od to people the 
world with allied, but modiHed, dosceDdonts; and these will geuo- 
rally sacceod in displacing the groups which are their inferiors ia J 
the struggle for existence. Hence, after long intervals of time, tha ' 
productions of the world ap[)eaT to have changed simultancoQaljr. 

We can nndorstand how it is that all the forms of life, ancient 
and recent, make together a few grand classes. We can nnder- 
Klnnd, from the continued tendeocj' to divergence of character, why 
tlie more ancient a form is, the more it generally diOers from thoso 
now living ; why ancient and extinct forms often tend to fill up 
pa[is between existing forraa, sometimes blending two groups, pre- 
viously classed as distinct, into one ; but more commonly bringing 
tliem only a little closer tc^ethcr. ITio more ancient a form is, the 
mora ofl^n it stands in some degree intermediate between gronps 
now distinct ; for the more ancient a form i% the more nearly it 
will bo related to, and consequoutly resemble, the common pro- 
genitor of groups, since become widely divergcnL Extinct forms 
are seldom directly intermediate between existing forma ; but are 
iJilermediate only by a long and circuitous course throng other 
extinct and diSersot forms. We can clearly see why the organic 
remains of closely oouBecutive foimotions are closely allied ; for 
Ihcy »re closely linked to-^lier by generation. We can clearly see 
why tliQ Tctuains of an intcimcdLitc formation are intermedials in 
vharacter. 
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The inbabitants. of the world at each successive period in its 
history hare beaten their predecessors in the race for life, and 
are, in so far, higher in the scale, and their structure has gene- 
rally become more specialised ; and this may account for the com- 
mon belief held by so many palaeontologists, that organisation on 
the whole has progressed. Extinct and ancient animals resemble 
to a certain extent the embryos of the more recent animals belong- 
ing to the same classes, and this wonderful fact receives a simple 
•xplanation according to our views. The succession of the same 
types of structure within' the same areas during the later geological 
periods ceases to be mysterious, and is intelligible on the principle 
of inheritance. 

If then the geological record be as imperfect as many believe, and 
it may at least be asserted that the record cannot be proved to bo 
much more perfect, the main objections to the theory of natural 
selecticm are greatly diminished or disappear. On the other hand, 
all the chief laws of palaeontology plainly proclaim, as it senns to 
me^ that species have been produced by ordinary generotion : old 
fbnns having been supplanted by new and improved forms of liie^ 
the prodaets of Variation and the Survival of the Fittest 
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Geoobafbical Dietubutios. 

Tnunt rJiilriliDlioi emiot be >oco(iiit«d for bj diSctunct* ia phj^ 
copditloDi — ImpcrtADce of bftnim — AffiollTof the prodnctioBs of th* 
Hme coDtiunt — Centrs of cmtioa — Uiui o! diipeml by chuigei 
of cliiiul* ind or th* lerti nt Uii lind, and by Dccxiii>iii1 meani — 
iring th> Glaeinl period — Altfmlf GUciil ptrlodi in tlx 
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In cAisidcring the diiitribution of nrginic beings ottt ths face 
\ the globf, the Srtt [;rcat fact which Mrikea in is, that neilber dA 
rimilnrity nor the dimimiUrity of the inhatitant* of Tartoua region* 
eaD be wholly tccounted for by climaU! and other physical coa- 
ditiont. Of Ute, almost every author nho has studied the subject 
has come to this codcIusidii. llie cose of America alone voald 
alffloat suCQco to prove its tmth : for if we exclude the arctic 
and Dorthem tompeiate paris, all acthois agree that one of the 
most fuudaffleolal divisioos in geographical distribution is that 
between the New and Old Worlds ; yet if \!e travel over the 
vast American continent, Trom the coDtrai parts of the I'nite-l 
States to iu extreme soulhern point, we meet with the tacMt 
diversified coodiliona; humtd district^ arid deserts, lofly moun- 
tains, grassy pinitu, forests, marebes, lakes, and great rivers, under 
almost every temperature. Iliere is hardly a climate or condition 
in the Old World wl.ich cannot bo panttleled in Iho New— «t 
least as closely as the samo specie* generally require. Ko doubt 
small areas can bo pointed out in the Old World hotter than any in 
the Now World, but these are not inhabited by a fauna diOerent 
from that of the surrounding districts ; for it is rare to find a group 
of organisms confined to a amall area, of which the condition* arc 
peculiar In only a slight degree. Kotwithstanding this general 
parallelism in the conditions of the Old and New Worlds, how 
widrly different are their living productions I 

In the southern bcmispbeie, if we compare large tracts of land in 
Auslrslia, 3oiith Africa, and western South America, between lati- 
tudes 2^" and 35°, we ^11 find parts extremely similar in all tboir 
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iditiona, jet it would not be poetiblo to point out three launas 

d Soru mora utterly disaimiinr. Or, again, we nuji comparB tbo 

iiction^ of Soath Amorica toutli of kt. 35° 'with those north or 

which cooscquently ara separated \j n space of ten degrees 

^Iiititudeand are exposed to considerably diCfcront conditions, yet 

re lAComparably more closely related to each other than tliey 

« to the productions vf Aiutndia or Afri<^ under nearly the same 

cUioata. A[uilogDU»laclB cculd be given uith respect to the inhiL- 

lutauts of the sea. 

A second great Gict which strikes ns in onr genernl review is. / 

that harriers of any kind, or obstacles to free migiation, are related 

p a clou and impoitont manner to the diOcronces between tlio 

oductioni of various regions. We see this in the great difference 

nearly all tbo terrestrial productions of the New and Old Worlds. 

Kcepting in the norihem ptkrta, where the land almost joins, and 

iphere, under a sliglrtly different climate, there might have been 

~ ba migration for the northern tcmperatA forms, as there now is for 
c ttnctly arctio productions. Wa see the same fact in the forest 
iflereocA between tlte inhabitants of Austmlia, Afiics, and Sonth 

>^eric* imdcr the same latitude ; for these countries are almost as 
d from each other as is possible On each continent, 
thssamo&ct; lur on the opposite sides of lofty and 
DBtinuMU moantain-rangos, of greot destrls, and cTOn of Urge 
roiB, we find diffeieut [roduclions; though as mountain-chains, 
KtU) &C., are not as impassable, or Ukoly to have endurtd so 
ng, a* the oceans sc.paratiDg continents, tlio diCTerencos are very 
brlor in degree \a Uiose characteristic of distinct contincntSL 
tTumiiig tu tlio sea, wo find the same law. 1'he marine inlio- 
'tauta of the easteru and western ehores of South America aro 
ry distinct, with estreiuely few shells, Crustacea or cchinodcr- 
)Bi in oommoii \ but Dr. tiiiitCiicr has rcecutly shown that about 
iitjp |«r MnL of the h^cs arc the same on the oppotito »idw 
Om iithnuis of t'anntnai and this fiut 1ms led naluralisU to 
llevo that the isthmus was formerly open. Westward of the 
MtM of AuMrica, a wide space of open ocean extends, with not 
\ islauii as a balting-pbce for emigrants ; here we have a barrier 
[aaolLa kind, and as suun as this is {wssed wo raeol in the nulvrn 
WkU of the tacilic with another and totally distinct fauna. Ko 
■t threa marina faunae range for northward and southwanl in 
nllel Unas not far from each other, under corrnpundiiiig dinata , 
It &on baint; anparatcd from each other by imposmUe barriers, 
lk«r of land or opan sen, tbcy are almost wholly distinct, (hi tliu 
Iter band, procwdinj; still farther w^stunnl from tlio vssl^rii 
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inlands of the tropical parts of tbe Fuciiic, we encounter no im 
pnHsable barrien, and we have iimumGrable Ulands as halting 
placca, or contiauous coasts, until, after tra,ve!liDgovcra hemisphcro, 
wo coniQ to the BhorcB of Afiica ; and oTcr thia vast space we meet 
with DO wcll-da6ned and distinct marine faunas. Althoagh so fuvr 
marine auimals aio common to the above-named three approximate 
faunas of Eastern and Western America and the eastern PaclSc 
isLuida, ^ct many fishes raoge from the I'adfic into the Indian 
Ocean, and many sheila are common to the eastern islands of tbe 
PaciBo and the eastern shores of Africa on almost exactly opicsila 
meridians of longitude, 

A third great fact, partly included in the foregoing slalt^ment, ia 
the affinity of tbe productions of tbo same eontiaent or of the soma 
sea, though tbe species thentselres are distinct at diflerenl points 
and stations. It is a law of the widest generality, and every con- 
tioent oQeis innumerahle instances. Nevertheless the natnratlst, in 
travelling, for instance, from north to south, never fails to be struck 
by tbe manner in which saccessive gronps of beings, specificalty 
distinct) though nearly rebtod, replace each other. He hears from 
closely allied, yet distinct kinds of birds, noks nenrty similar, and 
sees their u«sts similarly constructed, but not quite alike, with eggs 
coloured in nearly the same manner. The plains near the Straits of 
Wasellan are inhabited by one species of Rhea (American ostrich), 
and northward the phkius of Ln Fhila by another species of the same 
genus; and cot by a true ostrich or emu, like those inhabiting 
Africa and Australia under the same latitude. On these same plaina 
of La Plata, we bc« the agouti and biicacha, animals having nearly 
the some habits its our hares and rabbits and belonging to the same 
OL'dcr of Rodents, but they plainly display an American type of 
structure. Wo ascend the lofty pcalts of the Cordillera, and \ve find 
an alpine species of bl»»cha; wo look to the waters, and wc do not 
find tbe beaver or musk-rat, bat the coypu and capybara, rodeiiLs 
of the S. American type. Innumerable other instances could bo 
given. It wo look to the islands off the American shore, however 
much they may difier in geological stmcture, the inhalHtaata are 
essentially American, though they may be all peculiar species. Wo 
may look back to past ages, as shown in the last chapter, and we 
find American tyjies then prevailing on the American oontimnt and 
in the American seoa. Wo see in these facts some deep orgnnic 
bond, throughout space and time, over the some areas of land and 
water, independently of physical conditions. ITie naturalist mnat 
be dull, wbo is not ted to inqnire what this bond is. 

The bond is simply inheritance, that cause which alone, 
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WD pasilJTely know, prodaccs oi^uisma qaitc liko cacli oilier, or, 
w wu MS in Ihe case of rarielies, nculy alike, llio dJGsimilarii j ol 
iha mhabiUnta or different td^Iodb may \n Dtlributcd to modification 
thioagli vamtlou and nslnml Kclcotion, and probablif in a Eub- 
orUinate degree to tiM dcfiDitq infiaeQce ot difTeiGiit phjalcal con- 
dition*. 11)0 d^rces of dis^milarity will depead on the migration 
of tbo moic dominant funns o[ lifo from one region inlo aDotliei' 
having been more or less cQcctimlly prevented, at periods mora or 
less remote; — oa Iho nnturo and number ot tliu rormei immij^nts; 
— and cm tlia action of the iuliubitauts on each otLcr in leading lo 
tbe pnoarvation of diSureat modifications ; the relation of orgauiam 
n in the ilniggle for life bving, u I have already often 
aikcd, lbs must important of all relations. Thus the high im- 
F portance of baniera comes inlo play by checking migmtioo j as docB 
I time for ihe slow pruccaa of modilicntion Ihrongh natural selection. 
I Wiildy-nuigiogspecles,ahoiuidingiQindiiiduats, which have already 
Ltrinmphcd over many competitors in their own widely-extended 
noes, will have llie beat chance of geiEing on new pincca, when they 
1 ^vead inlo new countriia. Id their new homes lliey will bo ex- 
pMcd to new condiliona, and will frequently undergo further modi- 
fication and improvement; and thus they will become still further 
viclorions, and will prodnce groups of modified dcBcondanla. On this 

BpriDcipleofinheritBQCe with modification, we can underalandhowit 
b that KctioiM of genera, whole genera, and even (uuiiies, are con- 
Coed t« the same areaa, aa is so oommouly and notoriously the case. 
There is no evideDce, as was remarked in the lost chapter, of Ibn 
I nlslcoee of any law of necessary development. An the variability 

of fscb cpecies is an iDdepeudcnC property, and will be token adroji- 
l4ige iif by natnral selection, only so far as it profits each individual 
in lla cumplex struggle for life, so the amount of modification in 
diOereut species will be no uniform quantity. If a number of spootes, 
after having long competed with each other in their old home, wero 
to migrate in a body info a new aud aflorwiu^s isolated country, 
Ihry would ba litllo liable lo modificntioD ; for neither migration 
nor iwlaliun in tbomsclvca effect anything. These principles cuinu 
inlo play only by bringing orgaoums into new relation* with rach 
other, aiwl In • lesaer degree with the anrrouuding physical conditions. 
A* wo have seen in the last chapter that some forms have retained 
Marijr tha nme character from an enormously remote geological 
ptriod. K oCTtain specie* have migrated over vust spaces, and have 
noi bwaoM gieatly or at all modified. 
1^^ Aeeatding to thine views, it is obvious that the several specice of 
^^Llbc soma k™"** Ihoagh inhabitiug the ntwt dbtant quartera of llie 
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worlil, must originally have proccedod from Iho mma source, m ihcy 
ATQ descended Troru the same progenitor. In tlitt case or thoee 
fpecics, which bavo uudet^oc during whole gGol<^cal periods little 
modificatioo, there ia not much difficully in believing Ihnt they have 
migrated from the same region; for during the rnst geagmphicdl 
Nnd climatal changea nhich have sQporvcoed since ancient times, 
almost any amoaiit of migration is possible. Bnt in many other 
casus, in which we have renson to believe that the species of a gcniis 
have been produced within comparatively recent times, there is 
great difGcuUy on this head. It is also obvious that the individuals 
of the some species, thoui^h now inhabiting distant and isolalni 
regions, must have proceeded from one spot, whero their parents 
were first produced: for, as has been exptatned, it is iocrediblo that 
iodividuals identically llio same should have been produced from 
iwrents spcciSeally distinct. 

Sinj^B Centret o/" mpponttl Crtullim, — Wo are thns brotight to 
the question which hns been largely discussal by naCiiralista, namely, 
whethei species havo been created at one or mtm: points of the 
earth's surface. Undoubtedly there are many cosca of cxtrenio 
ilifficulty in nnderalaudiug hotv the some species oould possibly 
have migrated from some one point to the soTeral distant and isolated 
(loints, where now foniid. Nevcttheless the simpb'city of the view 
tlmt each species was first produced wiibin a single region captivates 
the mind, Ite who rejects it, rejects tha vera causa of Mdinary 
generation ivith subsequent niigratioa, nod calls in the agency of a 
miracle. It is universally admitted, that in most cases the area 
inhabited by a ■j)ecica is continuous; and that when a plant or 
animal inhabits two points so distant from each other, or with an 
interval of such a nature, that the space could not have been easily 
passed over by migration, the fact is given as something remarkable 
and exceptional, llie incapacity of migrating across a vide am ia 
more clear in the case of terrestrial mammals than pcrh-ips with any 
other organic beings; and, accordingly, we finil no ihexplirable 
instancea of the same mammals inhnlriting distant points of Iho 
world. So gealogrst feels any difficulty in Great Britain possessing 
the same qaadnipcds with the rest of Europe, for they were no 
iloubt once united. But if the same apecica con be |>roduced at t^o 
sepante points, vrhy do via not Gud a single mammal common to 
Earopo aud Anstralia or South America? The conditions of life 
are nearly the same, so that a multitude of Kuropean animals and 
I'lants have become naturalised in America and Australia ; and some 
>>f the aboriginal plants are ioenticaliy the sums at these distant 
jKiints of the northern and southern hemispheres? The answer,! 



kHU. 



Geegrapidotl Distribution, 



321 



J IxlioTe, ta, thai tnunmola have not be«n nblc to niignte, vbcmia 

lomo plants, from thuir viui«d idmos uf diBpcnal, Lave migrsled 

acroM ibe wide and Iroken interspaceB. I'lie great and Blnbiog 

I influence of bnirterB of all kinds, is intelligible only on the view 

Ltktt the gioU majorilj of specios hace been produccil ou one sUic, 

d have not been able to migrate to tbe opposite side. ISome few 

iitilics, many sub-fomilies, very many gertem, aod a still greater 

Ulmbci of aections of genera, are confined to a single region ; and 

it has been ukecrved by several nnturalista, that the most naturai, 

W tbose guoera Id wbich the species are most clcFselj- rdaled 

M each otber, are gcncnlly confinod to tbe same country, or if thej 

'eairida niD;;e that their range ia conlinuoua. What a strange 

would \k, if % directly opposite rule wore lo prevail, 

dulvn one step lower in the leries, namely, to tlia 

idivjduab o( tbe same Epcoiej, and these had not bun, at least at 

p9»l, coDliood to some one region I 

, Ucnce it tocms b> Rie, ns it Las to many olbur uilaralUtA, ttint 

W Tionr of each speciM baving been produced in one area alone, 

1 having subsequently migrated froca that area as far as lis 

powers of migralion and subsistence nudcr post and prcseut cun- 

ditiooi pcnuitted, ia the most proliebb, Undoubtedly many cnscs 

occur, in whioh no cannot expli^n how iho tnme species could bavu 

. fOMKd from one point to the other. But tlie gcographicot and 

Ldimalal chtnges, which b&TD certainly occurred within recent 

■ ftDlvgiMl times, miut have rendered discontinuous tbe formerly 

UCntinuous range of many species. So that we are reduced to coii- 

' " T wbother tiio oiccptiuna to oonlinoily of ranso ore so ntmierous 

D grave n nature, that wo ou^t to (^ve up the belief, 

1 probable by general considerations, that each apccicB ha* 

ID produced within one area, and has migrated thetico at far na it 

Wild. It would be bo[«Ic«sly tedious lo diseoss all the exccptioual 

eoira of tbe some upccies, now living at distuiC and separulMl points, 

nor do 1 tor ■ mutncnt pretend that any explanation could bo otiuicd 

of many iutancea. Hut, nder some pteliminDry remirks, I will 

dlMuas a few of tbo moel •Irlking claasea of fecti; namely, the 

Tti>l«Tni*e of til* nmo apeciefl on the summila of distant mountain- 

i«ngo*,and at disunt points In thaarctio and antarctic regions; and 

Moondty (in tlie fuUowiug chapter), the wide distribution of ftosh- 

met [soduetiouii at\d thirdly, tbo occurreQce of tbe same tcrreatriHl 

■pecioi on islands and on the nearest mainland, though separated by 

hwdnda of miles of open wa. If tbo exictimc« of tbe same epeciea 

•t-dirtanl and itolatcd points of the earth's eurroce, can in many 

■ bo ctphuued on tliu vii w of each «|«ciija Slaving roisnled 




StH^ Cmtrcs ef Crtatioit. 



from a ringle birth|dMe; thea, coosid^ing out ignonnce with r 
•pcct to former ctinuUl and geographicaj changes and to ttie variooi 
occosiomii moDS of truuport, the belief tiut « single birtliplaoe id 
the law, seems b) me iooomporably the safest. 

In discussing tbis snbject, via sball be euaUed st tbe same litiH^ 
lo consider r point equally importaol for ns, osmely, nhrther ihtt 
■evend species of a genus, wbicli must on our tlicory all be descende>l 
fnnn a oomtnon progenitor, can have migrated, undergoing modi- 
fication during their tnigratlon, from some one area. If, when most 
vf the species inbabiUng one region are different from those of 
■Qother ri;gion, though cloeclf allied to them, it can be shon-n that 
migration from the one region lo the other has probably occurred 
at some former period, our geoctal view will be much strengthened ; 
for the explanation is obvious on the principle of descent with modi- 
ficaticoi, A. Tolcanio island, for instance, upheaved and formed at 
the distaoce of a fuw hundreds of miles from a continent, would 
probabiT' (eceive from it in the course of time a few colonists, 
and thoic descendants, thoogh modified, imjuld still be related hy 
inberitaoce to tbe inhabitants of that continent. Cases of this 
nature are common, and arc, as n'o shall hertafler see, inexplicable 
on the theory of independent crealion. This view of the relation of 
the s]iecic3 of oae region V> those of another, does not dlEfer mach 
from that advanced by Mr. Waliaw, who concludes that "cveiy 
spociea has come into existence coincident both in space and timn 
with a iFre.exiating closely allJcd spocies." And it is now ivoll 
known that he attributes this coinridenco to descent with modi- 
fication. 

Tho qnestion of single or multiple centre* of creation diflers 
from another though allied question, — namely, whether all tbe 
individunls of the same species are descended from a single pair, or 
aingle hcrmapbrodite, or whether, as some authors suppoec, from 
many individuals simnltaneooaly created. With organic beings 
which never intercross, if such exist, each species must be do- 
scended from a succession of modified varieties, that hare sup- 
planted each other, but have never blended with other individuals 
or varieties of the same specios ; so that, nt each soccessive stago 
of modification, all the individuals of the same form will be de- 
scended from a Kinglo parent But in the great majority of cases, 
namely, with all organisms which habitually unite foe each birth, 
or which occnaioQolly inlercross, the individuals of the same species 
inhabiting the same area will be kept nearly umfbrm by inior- 
crosnng ; so that many individuals nil! go on simnituwotiBly 
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not be due lo dcKcnt from a liugk parcDt. To illaBtratc wbnt 
1 mesa: oiir English nKe-boraiKi differ from the horEos of every 
other breed; hut they do not owe their differenco aad auperiorily 
to doiceat from any single peii, but to continned care in the 
Eelectiug ftnd training of ntauj individuBU during each genetatioo. 

Before disflisslnf; Iha three classes of (acta, which I bnvo Bcieclud 
ai prewnting the greetcxt amount of diOicult; on iho theory of 
" tingle centres of erention," I nitiBt say n fpiv wordH on tho iiicaus 
of dixpersal. 

ilfeuns t/ Difjxrsil. 
Sir C. LyoU and other suthore bare nhly tri'Btod this Eohject. 
lean give here only ihehHcfestnbstractoflhc more important fact^. 
Change of climate miut hnvo bad a powerful influence on migration. 
A r^on DOW im[iassnhte to certain organicmi from tho neturs ol 
iU climate, might bave been a high road for tnigmtion, when iLu 
climslB wai different. 1 shall, however, presently have to disciitH 
tbi« branch of the subject in some detail. Changes of level in Iha 
land must also bavo been highly influcnlial: a narrow isthuitix 
now aeparatcs two marine faunas; sobmerge it, 01 let it formerly 
have brea submerged, and tho two faunas will cow blend (ogelhcr, 
or may formerly have blended, Where the sea now extends, land 
may U a former period have connected islands or poesibly bvcd 
oontineiila together, and tims bnve allowed torrastriHl [uvduotiona 
I to pa«s from one to tlio other, Ho geologist disputes that great 
of level bnve occurred witliin tho period of existing; 
Edward Forbes insisted that all tho isUnds in tlic 
Attanlic must have bean recently connected nitb Europe or African, 
and Euroiie likcwiso with Amcricn. Other authors have thus 
liypolbatically bridged over every ocean, and unilcd almost irvcry 
ialanil to tamo mainlaod. If indeed the argiunents used by Forbes 
an to be imstcJ, it must bo admitted that scarcely a single islaoH 
ciisU which has not recently been united to some continent. This 
view cats tho Qortllan knot of tbo dispersal of the rams spccica to 
the moat dislant points, and removes many a difficulty ; but lo tho 
best of my judgment we are not autbotizoil in admitting suoli 
OMnnoaa KMicfapbical changes within the period of existing species. 
that wc have Abundant evidence of great oscillalionx 
In the IbveI of the land or itn ; but not of such voat changes in tho 
loition and ntensioa of our coulioonts, as lo have united tUm 
within the ton-nt period to each other and to tho several iaterrening 
•MUlc islandn. I (roely admit the former nistcnce of many iilandM, 
now buried bcnnlh the sea, which may have served ss halting- 
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IjlacM for plftcts and far many animaU durin' Ihoir Biigration. 
Iho cora1-[>ro(lDomg oceans such sunken iriaodH are now marked by 
rings of coral or atolls standing over them. Whenever it is fully 
admitted, M it will aomo driy bo, tliat edcli species liaa proeeodcv 
from a single birlhplaco, and when in the course of lirao wo know 
something definite about tho menns of distribution, 'wo ahall 
enabled to specolato with seenrity on tlio former extension of tl 
land. But I do not believe that it will ever be proved tliat within* 
tho recent period most of our continonts which now Btnnd qirite 
sepnrato, hnva been continuously, or almost continuously united 
wilb each other, and with the many existing ocesnic isbuids. 
Several facta in diatribullon, — such ss the great difference in thu 
marine fiinnaa on the opposite sides of almost every continent, — 
the close relation of the tertiary inhabitants of several lands and 
oven ieai to their iireaent inhabitanla, — the decree of affinity bp- 
tween the mammals inhabiting islands with those of the nearest 
continent, being in part determined (aa wo ahall hereafter see) by 
ths depth of the intervening ocean, — these and other snch fncts are 
opposed to the admiiaion of such prodigious get^rophical revolutioni 
within tho recent period, as are necessary on tho view advanced by 
I'orbes and admitted by his foliowcra. UTie nature and relative pro- 
portions of the inhabitants of oceanic islands are tikewin opposed 
to the belief of their former continuity with continenla. Nor doea 
the almest universally volcanic corappsition of such islands favour 
tho admission that they are tho wrecks of sunken continents;— if 
they had originally existed as continental moantnin-ranges, tome nt 
It'ost of the islands would have been fonncd, like other mountain- 
summits, of granite, metamorphio schists, old fosBiliforous and other 
rocks, instead of consisting of mere piles of volcanic mstter. 

I must now say a few words on what are called accidental means, 
but which more properly should be called occasional means of dis- 
tribution. I ahall bore confino myself to plants. In boUuicnt 
worlu, this or tliat plant ia often stated lo be ill adapted for Widu 
(iisBcminalion ; but the greater or less facilities for tmnsport across 
the sea may bo said to bo almost wholly unknown. Until I trieil, 
with Mr. Berkeley's aid, a few experiments, it was not even known 
liow far socds could resist the injurious action of sea-water. Tf- 
my surprise I fonnd that out of 87 kinds, C4 germinated atler an 
iinmersion of 28 dnys, and a feiv survived an iaimorsion of 137 
days. It deserves notice that certiiin orders were far more injurtd 
lliau others : nine Leguminoase were tried, and, with' ona exception^ 
they resisted the salt-water badly ; seven species of the allied orders, 
Hydrophyllaccni and Polcmotiiaceie, were all hilled 1 
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mtoston. For conyenicDce' «ake I diioflj trird smsll Eocds, 

iibout Uw capanlo or Ihiit ; ftod »e all of these Ennk in a fenr dayn, 

«y couJd Dot have betn floolwl acmss wide spaws of the »«i, 

vbether or not lh«y were injured by tlio ealt-natcr. Afterwardi 

X tried lome Ui^er fruils, cspsales, &c., and aomo of tlxua fionled 

a loDg time, ll is well known what a dlBerence thcro is in the 

if&QCy of green and leasooed timber ; uid it occurred to me thai 

)da would often nwh into the fca dried plitnta or brancbce witli 

d<capmles or fruit attached to thpni. Ilenco I was led to dry the 

ma aad bnnebes of Si pkots with ripe fiuil, and to place thorn 

-"iiB Eoajority sank quickly, but some which, whilst 

Boated for a very ahurt time, when dried floated much longer ; 

Kk initiuioe, ripo htuicl-nuti sank immediately, but when drii'd 

tticy fioausd for 00 dnyn, and afterwards when plaotcd germinalcd ; 

■a MparagiU'plaiit with tipe bcrrice floated for 23 days, when dried 

U Jloatod for tJS days, and the iceds aftcrwariU germinated ; iJio 

ripe Kvdt of Ucloaciddium sank in two days, whcD dried (hey 

floated ist above 90 days, and aftenvards germinated. Altogclhpr, 

Ottt of the M dried plants, 18 floated for above 2S dayi; and 

«(Da of the 18 floated for » very much lons<^ ]«riod. So that ns 

If kind* of accda germinated after an immersion of 28 daya; and 

U D diatiuct specicn with ripe fruit (but not all tho lame apccres 

na in tho foregoing experinient) floated, ciftcr being dried, for above 

K8 dajn^ w» may conclude, as Cir as anything can be infoned from 

tiwM KBnty faets, that the Kola of ■^'■g kinds of plants of any 

ttmntry might be floalod by w»-current« during 28 days, and would 

CLin tlieir power of germination. Jn Johnston's Physical AIIhg, 
average mta of the several Atlantic curreois is 33 inilfs jxir 
diem (aomo currents numing at the rale of 60 miles per diem) ; on 
' tbi* «veni;:a, tho seeds of -^■^ plants belonging to one countiy 
Biigbt bo floated across 021 niilta of sea to another country, and 
wiien rtrandeii, if blown by an' inland gnlo lu a favuurolilo sjot. 
Winild scmiioBle. 

SuUiequently to my cipctimenta, 5t. Martens tritd simitar odc*, 

fcnt in a mudi belter njaiiDcr, for be plnc«d tlis seeds in a box in 

tho actual sea, ao that Ihpy were alternately wet and exposed Iv tho 

ab likr really floating phmts. Ito tried i)3 (eed^ mostly difli^crent 

ftom mine ) but he chose many Urge fmits and likowiao soeda from 

ita which litt near lii« iwa; and this would have dvoured both 

■vtnjo length of their flotation and ihetr rcsistauca lo the 

l^Jitrioua actum of tlie ault-walcr. Uo the othrr hand, be did not 

' isly dry the plants ur brnnchca with the fruit; and this, a* 

have teen, would have cniiMil somo of tliem to Iiavu floatni 
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much longer. The result was that ^ of Ma seedi of difleient 
liads fioatal for iZ linjs, nud ncre then capable of genmaalicsi. 
l)ut I do not doubt that iilauts eiposed to the waves woold float 
fur a leas time than those protected from violent tnoTcmont as in 
oui expeiimentx. Therefore it would perhaps be sarer to aBmino 
that the seeds of about -^ plants of a flora, after having been 
dried, could be floarod across a space of sea 900 miles in width, and 
would then genniuaW. I'he fact of tho larger fruits often Hoatin^ 
longer than the small, is ipterosting ; as plants with largo sccda or 
frait which, ta Alph. da CandoUe has ebown, generally have re- 
atrictpd ranges, could hardly bo transported by any other means. 

Si:edB may be occasionally transported in another manner. Drift 
timber is thrown up on most islands, even on those in the midst 
of the widest oceans ; and the natives of the coral-islanils in tbo 
Pacific procuie stones for their tools, solely from the roots of diifted 
trees, thcso slonca being a valuable royal (ax. I Bnd that when 
irregnlarty shaped stones are embedded in tho roots of trsea, small 
panels of earth are frequently enclosed in their interstiooa and 
behind thorn, — W3 perfectly that not a particle could be washed &xvay 
during the longest transport : out of one sronll portion of earib 
thus completdy enclceod by the roots of an oak abont 50 yeara old, 
three dicotyledonous plants germinated : I am certain of the occii- 
rocy of this observation. Again, I can show that the carcases of 
birds, when floating on the sea, sometimes escape being immediately 
devoured : and niany kinds of seeds in the crops of floating birds 
long retain their vttaUty : iieos and vetches, for instance, are killeil 
by even a few days' immersion in sea-water; hut some taken otit 
of the crop of a pigeon, which had floated on arllEcial sca-watcr fn* 
ao days, to my surprise nearly all germinated. 

Living birds can liardly fail to be highly eflcotive agents in tlic 
transportation of seeds. I could give many facts showing how 
frequently birds of many kinds are blown by gales lo vast distances 
across tho ocean. Wo may safely assume Ihatnnder snch circiitu- 
etanccs their rate of flight would often be 35 milcaanbouT; and 
botoo authors have given a far higher estimate, I have never seen 
an instance of nutritious seeds passing through the intestines of 
a bird ; but hard seeds of fruit pass nninjunsl through even the 
digestive orgaaa of a turkey. In the course of two months, I pidicd 
up in my garden 12 kinds uf seeds, out of the excrement of small 
Unle, and these seemed perfect, and some of thorn, which weru 
tried, germinated. But the following fact is more important : Ihe 
crops of birds do not secrete gastric juice, and do not, aa 1 knonr by 
tdal, iiunra in the least the grmiination of seeds ; now, after a V ~ 
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linj foDiid aod devoored a Urgo EUpplj of root), il is poaitircly 
' that hU the grainB do not pass into the gizzsid for twelve 
eighteen houre. A bird la this interval might coBiiy bo 
falowD to tbe diatauco of 500 mileB, and h&wba nro known to look 
Dnt for tired birda, and the conteoCs of their torn cropa might ibiis 
Kftdily ^et Bcalteied. Some hawks and owla bolt their prey wbok, 
id, after no inienal of from tirelve to twenty honra, dis^oi^D 
pellets, which, as I know from experimmtg nuido in the ZoologinI 
Oard«[u, inclade seeds capable of germination. Some seeds of the 
oat, whent, millet, cAnary, hemp, clover, and beet gcnainaled after 
baviog been from twelve to twenty-one hours in tbe stomacbti uf 
it birds of prey; and two seeds of bset grew after having 
been thus retained for two days and fourteen houix. F^sh-watcr 
fish, 1 find, eat seeds cf many laud atid water plants: fish aro 
baqoently devoured by birds, aitd thus the seeds might bo tnuiE- 
ported from pl&co to place. I farced many kinds of seeds into tlie 
iltomacha of dead fish, and then gave their bodies to fishiog-ca^es, 
>alorks, and pelicojis; these birds, after an interval of many hoitrB, 
«Uier rvjootad the seeds in pellets or passed tbcni in tbHr excre- 
ment ; and several of these seeds retained the power of gcnoination. 
Certain aeeds, however, were always killed by this proccra. 

sometimes blown to great distances (mm tbe land ; I 

myself otnght ons 370 miles from the coast of Africa, and bnve 

liriud of others caught at greater distances. The Itcv. ]l. T. Lone 

'iafonned Sir C. Lycll that in November 1841 swamii of locusts 

'Tisitod the island of Madeira. They were in conntleas numbera, ns 

tiuok a> the Sakes of snow in the heaviest snowstorm, and axlciidoil 

vpwatds as far as could bo seen with a telescope. Durios two or 

tikTco days they «lowly careered roand and roimd in an immenso 

tdlipte, at least five or six miles in diameter, and at night ali^htot 

1 the taller trees, which were completely coated with thfin. They 

ion disappeared over the sea, as suddenly as they hnd appeared, 

id havD not since visited the islaad, Now, in parts of Nalal it vi 

dieved by aome farmcn, though on iosiifficienl evidence, that 

Jurious seeds are introduced into their grass-land in the dung left 

liy the Eresl flights of locusts which often visit that country. \\\ 

of this belief Mr. Wcalfl sent ma in a letter a smnll 

^ekct of the dried pellets, out of nhicb 1 extracted under thu 

inicrQaeope sovoral seeds, and raised from them seven grass planlts 

ipng to two Bpecies, of two genera. Hence a swarm of Ioclbie, 

•• that which viBiled Madeira, might readily be the means of 

•oTcnl kinds of plants into an lilaiid lyins '■»' from tbe 

ilnUnd. 
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Altbougli tlto beaka &ud feet of birds are generally clean, enrlh 
sontetiiDM adheres to them : in one case I remoTed sixty-one grain*, 
nnd in another ciuio twenty-two grnins of dry Brgilloceous rarth 
rrom tho foot of it pnrtridge, and in tha earth there vrni a tnbhie aa 
large as the seed of a VLOch. Here is a better case: the leg of n 
woodcock wot tent to me by ■ frioud, with a little cake of dry earth 
nttachcd lo tlie shauk, ireighing only nine graini \ and ihts cod- 
tiiued B eccd of thu tood-rnab (Jancua bufonius) which germiuatett 
aiid flowerod. Mr. Swayalajid, of Brighton, who during the last 
forty years has paid close attentiaa to our migratory Urds, toforina 
me that he has often shot wagtails (Motacilhs), wheatmrs, and nliin- 
chats (SaiicolK), on (heir fiist arrival on our shorea, bororo they 
hod alighted \ and ho has several times noticed little cakes oF earth 
' attached lo their fort. Uanj ttcts conld be given showing how 
Rcnemlly soil is charged with aceds. For instance. Prof. Newton 
sent me tbo leg of a red-legged partridge (CuccDbts nifa) wiiich had 
been vcouoded and could not fly, with a ball of hard earth adhering 
to it, and weighing six and a half ounces. The earth had been 
kept for thruo years, but when broken, watered and placed under a 
bgll glass, no loss than 83 plonla sprung from it : these consisted of 
)2 monocotyledons, including the common oat, and at least one 
kind of grass, and of TO dicotyledons, which consisted, judging from 
the young leaves, of at least thieo distinct species. With sucll Ijicis 
licfore UB, cin wo doubt that tlie many birds wiiich arc anmuilty 
blo»ii by gales across great spaces of ocean, and which nnnually 
migrate — for instance, the millions of quails across the Mediterro' 
neau — must occasionally tmnaiKirt a few senls embedded in dirt 
adhering to their Icct or bosks ? But 1 shall have lo recur to Ibiv 
subject. 

As icebergs are known to be sometimes lotulcd ivith earth flnd 
slones, and have evco carried brushwood, bones, and the nest of a 
luod-bird, it cin hardly be doubled that Ihcy must occasioiudly, os 
suggested by Lycll, have traosporled seeds from one ptrt to another 
of the arctic and antarctic regions ; and during the Ghwial period 
from one part of the now (cmpcmte regions to another. Jo Ibo 
Aiorca, from the isrgo number of plants common to Europe, in com- 
jHirison with Ihe sp^ties on Ihu other islands of the Atlantic, which 
Bland cenrcr lo tho malnlatid, aud (as rcmiiTked by Ur. U. C. 
Watson) from their somewhat norlhem chnracter in comparison 
with the latitude, I suspected that these isUnda bad been partly 
stocked by ice-borne seeds, during thoGlocial epoch. At my reguetit 
Kit C. Lyell wrote to M. Hartung to inquiro whether ho had 
obaerrcd erratic bouhlers on Iheso islnods, and he answered that hi 
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□.id fonod large fta^Tneiita oC f^nmile and otlitr rock*, which do not 
occur in the archipelago, ficnce wo ma; safely infer that iocb«r<;s 
rormerly landed their rocky burtheoa on the chores of these mid- 
ac«*Q itlandi, and it is at least possible that thcf may imvc brought. 
Ihithei aomo few seeds of northern plants. 

CcMidering that these soTcral means of tmn.'iport, and that olhor 
means, which without doubt remain to be diECocered, haTo been In 
nction Tear after year for tens of thousands of years, it would, 1 
Ihinfc, be a marvellous fact if many plants had not thus hecama 
widely transported. These means of trans^jortsro tomelimes called 
accidental, but Ibis is not strictly correct: the cDrrents of the sea 
ara not aecidenlal, nor is the direction of preralent fslm of wind. 
Jt ^onld bo observed that scarcely any means of transport would 
carry seeds for very great distanceB : for seeds do not retain their 
vitality nben exposed for a ^eat lei^h of time to Ibo action of 
sea-water ; nor could they he long carried in the crops or intestines 
of birds. These moLns, however, would aufiico for occasional tmna- 
pnrt Bcnas tracts of sea some hundred miles in brendth, or from 
island to itlaad, or from a continent to n oeif hbouring island, but 
not from one distant continent I0 another. The floras of distant 
eoalinenli wonld not by such means beoome mingled; but would 
remain as distinct as they now ai'e. I'ho currenls, from llioir 
conniv would never brin^ seeds from North America to UriUin, 
though tliey might and do bring seeds froni the West Indies to our 
western sboree, where, if not killed by their very long immenion iti 
salt water, they ootiid not endure our climate Almost every year, 
uno or two Inrid-birds air blown across llio whulo Atlantic Ocean, 
(ram North Amcnev to tlw western shores of Ireland and England ; 
but weds could bo transported by these rare wandcrem only by 
cnc means, namely, by dirt sdhertn); to tlicic feet or beaks, which ia 
In Harlf a rora Dccjdent, Even in this case, how small would bo the 
ehutkCS of a seed railing: on I'avourablo soil, and coming to maturity 1 
Ihil it would lie a great error to argue that because a wcll-slcxkcil 
'ttlaiid, hhs Uimt Dritoin, has not, as Itt as is known (nnd it woidd 
he very diOicult to provo this), received within the last few ceiilii- 
rtea, lhr(ni}ili occaEional nienns uf transport, immignnls from ICiiroi v 
M any other contlwTit, tbnl a poorly -stocked island, though slaiul- 

Ilng tDere remote from the mainhuid, wonld not receive cotonistH by 
KmJlar neans. Out of a hundred kinds of seeds it nninult tntns* 
prtcd to an island, even if fur Icsa wcll-slockeil tlinn Britain, per- 
bafa not mora tliaii on* would be so well fitted lo it* new home, an 
V» beconw natnmlisnl. Diit this is no valid argument against wliat 
would bo tHfctted by acaisi('n.il means uf transivrt, during (ho lonS 
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lapse of geolt^cal tiiuc, whilst tho island n'u being uphcavBd, and 
before it had beeoms fully stocked witli inhabilanls. On almoM 
bare land, nith few or no dextructiva insects or birds living there, 
nearly svery sood which chanced to arrive, if fitted for tho oUtnate, 
would gcrroioale and survive 

ViipersaJ during the Qlatial Ftiit^. 

The identity n! many plants and animais, on inauDtaia-sunimita, 
■eparated from each other by hundreds of miles of lowlands, when 
Alpine epccics oould not possibly ciist, is one of the most striking 
cases known of tho samo Bpeciea living at distnnt ])oiola, without 
the apparoDt possibility of their having mlgmted from one point 
to the other. It is indeed a remarkable fact to see so many plants 
of the same spoclea living on the enoivy re^ons of the Alps or 
Pyrenees, and in the extreme northern parts of Europo; but it is 
far tnoro rcDiorkable, that tho plants on tho White Moimtains, i& 
the United States of America, oro all Ihu snuo with those of 
IiabnidoT, and nearly all the same, ns we hoar from Asn Gray, witli 
Ihoao on the loftiest mountAJDS uf Europe. Even as long o^o as 
1747, snch facts led Omclin to conclude that the same spedcB must 
have been independently created at many distinct points i and we 
might hsTB remained in Oiis same belief, had not Agassiz and 
oihcrs cnllrd vivid attentiou to the Glncial ]«^rlod, which, as wo 
fihall immediately see, affords a simple ex^Janstion of these fieta. 
Wo bare ovideuco of almost every conoeirablo kind, organic and 
inorganic, that, within a very recent geological period, central 
Europe aud North America suffered under an arctic olimato. Tho 
niins of a house burnt l^ lire do not tell their lale more pliunly 
Ihnn do the mountains of Scothind and Wales, with their scored 
flanks, polished surfaoea, and perched boulders, of the icy s 
with which their valleys were lately filled. So grMlly lias the 
climate of Europe changed, that in Northern Italy, gigantic rooraincar 
left by old ghioierB,aronmvclothodby thovincaTidmaiKe. Throogh- 
out a large port of the United Stales, ormlio boulden and scoreil ' 
rocks plainly reveal a former cold period. 

The former influence of the glacial climnte on the distribution of 
the inhabitants of Europe, as explained by Edward Forbes, is sub- 
stantially as follows. But wo shall follow the changes mcov readily, 
by supposing a new glacinl period slowly to come on, and then 
pass away, as formerly occurred, Aa the cold enmo on, and an 
eAch more southern Eone became fitted for the inhabitants of the 
north, these woold take the placfs of the former inhabitants of 
the tern pernio regions. The latter, Ht the same time, would ti 
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farther Had furLhrr eoulLwanl, nnitss they were slopped by ImniGis, 
in wbicb case they would ptriah. 'I'ho moontnins would become 
covered trilh snow and ice, and their formsr Alpioo iohnbilmils 
would dcawnd to tha plalnii. By the tims that the cold had reached 
its maximam, wo ehotdd bays nn uclic fauna aDd flora, covering 
iho central parts of Europe, as far south as the Alps and Pyrenees, 
RDd even Htretchin^ into Spnin. The now temperate regioDB of the 
United Stated would ItkewiBs be corertd by arctic plnnts and Rtil- 
tnils and these would he nearly tbo same with those of Europe ; for 
the pitaeiit circumpolar inhabitants, which we supposs to have every- 
whetn tmrelled Boatbward, ore remarkably nniform roDod the world. 

At the warmth returned, the arctic forms would retreat north- 
want, clcoely followed up in their retreat by the produclions of tho 
more temperato r^oni. And ns the snow mcUed from the bases 
of iha mountain^ the arctic forms would sdm on the cleared 
and thawed ground, always ascending, as the warmth increased and 
the snow still further disappeared, higher and higher, whilst their 
brethrcD weie poisulng their northern journey. Hcnoe, when tho 
vannth had fuily returned, the same species, which bad lately 
lived together on the European and North Amtrican lowlands, 
would again be found in the arctic regions of tha Old and Now 
Worlds, and on numy isolated mountain-summits far distant from 
each other. 

Thus we can understand the identity of many plants at points 
so immensely remote as the mountains of the United States and 
thMO of Europe. We can thus also understand the fact that tlio 
Alpine plants of each raountain-range are more especially retailed 
to the arctic fortos living due north or nearly duo north of them : 
lot tho fint migration when the cold came on, and tho re-niigration 
trn the returning warmth, would generally have been duo south and 
north. The Alpine plants, for example, of Scotland, as remarked 
by Ur. IL C. Watson, and those of the Pyrenees, as remarked by 
Itsmond, are more especially allied to the plants of norifaerti Scondi- 
itnTia ; those of tho United States to Labrador ; those of the moun- 
tains of Siberia to the arctic regions of that country. These viowa, 
gtminded as they sre on the perfectly nell-ascertsined occnnenoo of 
• former Glacial period, seem to me to explain in so satisfactory a 
manner the present distribution of the Alpine and Arctic proiliic- 
tioM of Europe and America, that when in other regions wo tind 
tho aaina species on distant mountain-summits, wa may almuit 
■ooeluda, without other evidence, that a colder eUmato formnly 
franiUcd tluir migration across llie intrrrcnins lowlnods, now 
liiMB loo wwm lot their exist onco. 
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Aa Iha arctic forms moved fiTst eouthwonl knd uflecirardB Lade 
n'a^dA to tlui Qurlh, ia unison with the cliangins cLimBte, liiey viJl 
not bavo been exposed durii^ tbcjr long migmtioiu to «ijr (nM 
divDisity of toDperature ; and nil they 1,11 loignlEd in ■ )xAf 
together, their mutual reUtioiu will not bavD beni mach diitucbnl./ I 
Hencc^ in accondiiDca with the principles inculcated in Uus loluioc^' T 
tlieae foiniB will not have boen linblo to much modlScatUm. Bob I 
with ttiB Alpine productions, left isolaloil from the morocnt of UmiJ 
letumiog wormtli, lirsl at the liasos and ultimately oi 
of Ibo moimtaiDB, the caso will have been eomewhab cUfliKenti litfil 
U is not likely tliat all the same arctic species will hsn b«en Icft-a 
on mountain-rangGs far distant from each other, and bare stOTiTcd' f 
thero over ainoe; Ihey will also in all pn)b*bility. Lave t 
micglcd with BDcioDt Alpine apecica, which must bare euM 
the mountaioB before the oommoneemont of the Ghuinl rpoch, and J 
irhich during lUo coldmt period nill have bteo tempcmily drives I 
ilown tu the iiliiios ; tbcj will, also, liara been Mbaeqarstly « 
piised to somewhat diOeront cUmatal inSneucw. Their mutual t<I 
tiotu will thua have been in some dt^iee disturbed; ocnianiacDliy 
tliey will have been liable to modification; Mid tbcjr bavo been 
modified; fee if we compare the pc«ccnt Alpino plants and ammahi 
of the aeveral gi'eat European mounlatn-ransM odd with aaoiWt 
though many of the species remain iJentically the s 
exist as varieties, aomo ns doubtful forms or lub-apedea, ud'J 
some as distinct yet closely allied species leprcsenting e 
ou the several ranges. 

In the foregobg illustration I hare assumed that at 
menocment of our imaginary Glacial periiid, the arclic pntductlon 1 
were as uniform round the polar regions a* Ihey are at the p 
day. But it ia aUo necessary to assume thai many iol>«io(io and d 
some few temperate forms were the Baom rotuxl the ir<.-rld, fi 
some of the specica which now exist on th« lower DtmintainHklopa 
and on the plains of North America and Europe an the ■ 
luid it may bo asked how I account for tiiis degree o( unifomitj 
to the sub-arctic and temperate forms round the wwU, i 
commencement of IJis v/^ Glacial periui]. At (lie \ 
tlie sub-arctic and northern temjxTato prodtictioos of the ( 
and Kew Worlds are sepaiatcd from each other by the iih« 
Atlantic Ocean and by the northern part of Iho Paeifio. ~ 
\\\v Glacial period, when th« iohnbiuuits of tho Old at 
Worlds lived farllxr suuthuards than thvy do at {voMnt, X 
must have boen alilt more completely ti-paraled fivm nKb o 
by wider spncvs cf ocean \ so that it mny well l« asliod how ll 
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inma speciet could thai or praTi<niBly bare enleml Hie two con- 
linonts. The expIaDOlicin, 1 b«tlGvp, Lci in tliu nature of tho 
cl'uiUe bc/ore the commencemeDl of tho Glacial period. At this, 
tlio newer llioccnc period, the Dinjority of llic inhnbitanls of the 
n-orld were spedHcally the sniue ob qom', and we bave good reason 
to believe that the climate wus vrannet than nt the pteBCDt dnj. 
Hence we msy suppose that the orgnninnt which now live cndvr 
larttuiiB OC, lived during lbs Pliocene period farther north undtr ibe 
Folar Circle^ ia lalilDdo 06°-(i7° ; and that tbe present arctJo pro- 
duclions then lived on the broken land Btill nearer to tba pole. 
Now, if we look at a terrestrial ptobe, we see nndor Ihc Polar Circle 
tlut there is almost coutinuoua land fttitn westeiTi Europe, tbrongh 
BibcTM. to cOBliiti America. And this continuity of the circnm- 
polar land, with the consoqucnt freedom under a mora favourablo 
climate Ua inlennigration, will account for the Bupposcd unifomtty 
of the lub-arctic and tcmporata productions of the Old and New 
Worbja, at a period anterior l« tbe Glacial epoch. 

Believing, from reasoni before alluded lo, that our continents 
hare kmg remainoi in neatly the some relative position, tbongh 
Mibjected to great Dscillatioiia of level, 1 am Blrongly incHurd to 
extend tbe above view, and to infer that dnriog aome itill earlier 
aud still wariaer period, such as the older Pliocene period, a largo 
I number of the Eamo plants and animals inhabited the almost 
tinuous circnmpolar luud ; and that tbcM plants and animalM, 
I IwlU iu Iho OH aud New Worlds, bejran slowly to migrate south- 
I wards as Ibo climate becntno leas womi, long before the conunmcc- 
tncnt of tha Glacial period. We now see, as I believe, tlieir 
xnduit*, mostly in a modiCcd condition, in tbe central ytirls 
I of Eniope and the Unite! tHat«i. On this view we can undtr- 
[ UMul tha nilationBhip vtth very little identity, between the pra< 
diictioui of Kortli America and Europe, — a rchitionahip which is 
highly mDarkable, catuidoring the diitancc of the two arena, and 
their Mpamtion by tho whole Atlantic Ocean. We can further 
VDdtnHaiid the Eiagntar fsct reroarkcd on by scTeral obscrrers 
that tha productions of Europe and America during the later 
tertiary stages wcra tnorci closely tvlaCol to each other than they 
are at tbo present time; for during theso warmer periods (be 
nortiiera i«rta of tho Old and New World* will have been almo* 
cmttimoualy unitod by land, serving ns a Iffidge, since rcnderwl 
ImpMtthla by cold, lor the Intenniviation of Ihair inhabitants. 

k During Iho slowly docrcasiug wannth of tbs Flioocn* period, m 
Kon aa tho ipeeica in common, which inhabited the New and Old 
WorUa, migmted •onlh of iho Polar Circle, (Ley will have Ki'ii 
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oompletel/ cut nlT from each oilier. Iliis separation, as far u the 
more Umperate productions arc coocemcd, mast have taken place 
long agDs ago. As the plants and animals migrated aouthwstij, 
they will have become mlogled ia the one great region with the 
tMtiva American prodoctions, fiod would have had to compete 
with thom ; and in the other great region, with thnse of the Old 
AVorld. Consequently wo have hero cvorythiag favourable for 
much modiBcatioti, — for far mom modiScation than with the 
Alpino productions, left ieolated, within a mach more recent 
period, on the several mountain-ranges and on the arctic Ifinds 
of Europe and N. America. Uenco it hiu come, that when we 
compare the bow living productions of the temperate r^ons of 
the Now and Old Worlds, we find very few identical species (though 
Asa Gray has lately ahowo that more plants ore identical than was 
formerly supposed), but wo find in every great class many forma, 
which some natnraLsls rank as geo2;raphicaI races, and others as diK- 
tinct species; and a host of closely allied or Tepresealative forma 
tvliich are ranked by all naturalists as specifically distinct. 

As on the land, so in the waters of the sea, a slow aoathem 
migmtion of a marine fauna, which, during the Pliocene or even a 
souewbat earlier period, was nearly uniform alon^ the continuous 
shores of the Polar Circle, will account, on the theory of modificn- 
lion, fi>r many closely allied forms now living in marine areas com- 
pletely Kundered. 'Ihus, X thiuk, we can understand the presence 
of some closely allied, still existing and extinct tertiary forms, on 
the eastern and westem shores of temperate North America ; and 
Iho slill more striking fact of many closely allied cruslaceans (as 
described in Dana's admirable work), some fiih and other msrine 
animals, inhabiting the Mediterranean and the sens of Japiin, — 
these two areas being now completely separated by the breadth of a 
whole contioetit and by wide spncca of ocean. 

These cases of close relationship in species cither now or formerly 
inhabiting the sesa on the eastern Hnd western shores of North 
Amerioa, the Mediterranean and Japan, and the temperate lands 
of North America and Europe, are inexplicable on the theory of 
creation. We cannot maintain that snch species have been creaUd 
alike, in correspondence with the nearly similar physical conditions 
iif the areas ; for if we compare, for instance, certain parts of South 
America with parts of South Africa or Anstralin, we see countriM 
closely EimiUr in nil their phjsictl ronilitions, with their inhab- 
itants utterly dissimilar. 
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AlUrnait Glacial Period* ia the A'orfS and Soatk 

Bat WD must return to onr more immediate labjecL I am oon- 

[ vinced that Fortes's view may bo largdy exlended. In Europe we 

I ntcet with tlia plaineat eridecce of Ilia Glacial period, Trom the 

I western ihorei of Britnin to tbe Ounil range, and soutliwdrd to Ihe 

I Fyreueci. We may iufer from llie (roten maniinnlB aod Dalure 

of the mountain Te{»tation, that Siberia was aimilarly alTected. In 

Ihe Lebanon, according to Dr. Hooker, peipetual boov formerly 

ciivered the central axis, and fed glaciers which rolled 4000 feet 

down tha valleys, 'llie same obaervct has recently found great 

)t ft low level on the Atba range in N. Airitx. Along 

iLe Binudaya, at poiula 900 miles apart, glaciers hare left the 

I luarka of their former low descent ; and iiT Sikkim, Dr. Hooker 

growing on ancient and gigantio moraines. SouUiward 

of tlia Aatalic continent, on the opposite side of the equator, wo 

know, from the eicellect tcsearchea o( Dr. J. Haast and Dr. Hector, 

that in New Zealand immense glncicn formerly dmcended to a 

low level J and the some plants found by Dr. Hooker on widely 

•cjmnitGd mountains in this JEland (ell tlie same slory of a former 

cold period. From facta cominuniealed to me by the Rev. \V. B. 

Clarke, it appears also that there ore traces of former glacial action 

OD tbe mountains of the south-eastern comer of AiuttsliB. 

Iiooking to America; in the nortbem half, ice-bome fra^onls of 
rock ha*e been observed on the eastern side of ibe continent, as far 
•oiilh sa laL 3(P-9''', and on the ahores of tbe PaciEc, where Ihu 
climate ia now to different, as for south as bt. 46°. Hrratlo bouldera 
have, ah>a, been noticed on the Ilocky Mountaina. In tbe Cor- 
dillera of South America, nearly under the equator, glacier* ODOo 
extniddl for beloor their present level. In Central Chile I ex- 
amined a vast mound of dctiitua with great Iwulder^ crossing the 
fcdiUo valley, which there can budly be a doulit once formed a 
kuge moraine ; and Mr. D. Forbes informs me that ho fouud iu 

I various parts «f the Cordillera, from lat. 13° to 30° &., at about the 
height of 12,000 feet, deeply-furrowed rocks, resembling thoaa with 
vriiicb bo «aa familiar ia Norway, and likewise great msMet of 
detritus, including groov«d pebbles. Along this whole space of the 
Conlillera true glscicrs do not now exist even at much men coq- 
■idsmbla height*. Farther soulh on both sides of the oontiiient, 
from hiL^fto tbe Eoulhemmosl extremity, we bavo the cloarmt 
■videliM of fonner glacial action, in numerous immcntio bouldera 
tiansportcd fat from their parent aouree. 
Prom Ibeso several facts, nnmtly from the glocial nctiga havjas 
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citnnded all round th« norlhem and Koiithcrn hcmiaphercs — rroni 
the period hivin» lieen to ft geotogicttl ncnsa recent in both bemi- 
■pberci— from ttfl having lasted in both during a giiint len^h ol 
UtDti, KB maf be inferred frum the amount of work eOfcl^ — and 
lastl/ from glaciers having rocontly descended to a low level along 
the ivliola line of the Cordillera, it atone time appeared to me that 
wo could not ftvoid the conclusioa that the temperature of tlie 
wiiolii world had been timultaDeoualy lowered diiring (he Glacial 
IKiiod. But now Ur. Croll. in ft scriea of admirable memcorB, has 
attempted to show tiiat a glacial coodition of olimato is the i'«snlt 
of various physical causes, brDUght into operation bj an increase in 
the ccoeutricitj of the earth's orbit. All iheso causes tend lowarda 
tlio same end; but the most powerful appears to be the indirect 
itiQuenco of the occAitriclty of the orbit upm oceanic cuirects. 
According to Mr. CroU, cold periods regiilarly recur every (en or 
fifteen tboDsand years; and these at long inlervals are entremt-ly 
severe, owing to Cfrtain cootingencios, of which the most important, 
as Sir C. Lyell has shown, is the relative position of the land and 
water. Mr. Croll believes ibat the last great Glacial period occurred 
about 240,000 years s<!o, and endured with slight altcistioca of 
ulimate for about lUO.OOO years. With respect to more ancient 
Glacial periods, savaral geologists are convinced from direct evidence 
lliat such occnrred during the Miocene and Eoeeac fonnations, not 
to mention still mora ancient formations. Dut the most important 
result for ua, arrived at by Mr. Croli, is that whenever the northern 
hemisphere passes tbroiigb a cold period, the temperatara of the 
■oiitliem hemisphere is actually iftised, with the wioters rendered 
mush milder, oliiefly through changes in the direction of the ocean- 
cnrrents. I^o Conversely it will be with the northern hemisplicre, 
whilst the southern passes though a glacial period. This codcIubIod 
throws so much light on geographical distribution that I am 
strongly inclined to trust in it ; but 1 will first give the fac[<^ which 
demand an Biplanatioo. 

Id South America, Dr. Hooker tins shown that besides many 
cloiwly allied species, between forty and fifty of the (lowering plants 
of Tierro del Fuego, forming no inconsiderable part of its scanty 
tiura, ara common to North America and Europe, enormously 
remote as those areas in opposite hemispheres are from each other. 
On the lofty mountains of eijuatorial America a host of peculiar 
apoeiea belonsing lo Europcau genera occur. Un the Organ moun- 
tains of Bnwiil, •ome few temperate European, some Antarctic, and 
Boiue Andean genera were found by Oaidner, which do not exist 
in the low intervening hot countries. On the l^ilht of Caraccas, 
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the illnftTKiua Haciboldt long ngo fuuiid apecicft btlun^ing to geneu 
cfaaraoteriBtic of Iha Cordillera. 

Ill AlVicH, Kventl forms cbBrnctoriatio f>l Europe Bnd some few 
.•B[ire»enl«livej of the flora of tho Capo of Good Hope occur on tlie 
mouotaizis rf AbjMinis. At Ihc Ciijw of Good Hope a Tory few 
Eiiiojican species, believed not to have been introduced by man, 
mA on tlie mountBiot aereral reprcsenlatire European forms arc 
found, which have not been discovtrod in the intertropical pnita of 
Africa. Dr. Hooker has al«o lately sbown that several of the plants 
living on the upper parts of tlia luflj island of FemaDdo Po and on 
the tietgbbouring Cameroon moantains, in the Gulf of Guinea, nre 
cinscljr related (o those on tho ioodd tains of Abyssinia, and likewise 
lo those of temperate Europe. It now also appears, as I bear from 
Dr. Hooker, that some of tbcee same temperate plants haTc been 
discovered by tbe Itev. 11. T. Lowe on the mounlains of the Cape de 
Vcide islanda. This eil«nsioD of tbe same lemperaia forms, nlraost 
UEider tho equator, across the whole coDtineot of Africa and to the 
mouBl^ns of tbe Cape de Verde archipelago, is one of Ibe most 
astonishing facta over recorded in tbe distribution of plaots. 

On the Himalaja, and on the isolated monntain-iangcs of the 
peninsnla of India, on the heights of Ceylon, and on ths voleiinic 
« of Java, niooy plants oecnr, either identically tho same or 
represetiting each other, and at tbe same time representing plants 
of Earqie, not found in the intervening hot lowlands. A list of 
tbe genera of plants collected on the loftier peaks of Java, raises 
a pictnre of a oollcclion made on a hillock in Enropel Still mora 
•ttiking is tbe (act that peculiar Auatraliaii forms are rcpresental 
by cortain plants growing on the snmmits of tho mountains of 
Itornra. Some of these Atutralian fonus, as I hear from Dr. Hooker, 
i^xlond along the heiglits of tho peninstila of Malacca, and em 
thinly scattered on the one band over JnJia, end on tbe other hand 
IS br Dorth ss Japan. 

On tho southern toountaiDa of Aoslrnlia, Dr. P. Hillter haa 
dlsoorered scvetnl European species \ other species, not introdeced 
by man, occur on the lowlands; and a long list can b« given, as I 
am informed by Dr. Booker, of European seum, fuiind In Anstntlia, 
but Bftt In the intenncdialo torrid repoiia. Tn the admirable 
* IntiodnciioD to tbo Kloni of New ZeaUnd.' by Dr. Hooker, analo- 
I and striking facts are given in regaiil \a the plants of tfast 
large inland. Hence ws see that cert^n plants erowina on the mora 
lofty KicuiitAbiB of the Irojilcs tn all parts of the world, and on the 
l«cap«nt« jilalns of the north and south, an either the same ipccles 
irieties of the mrae siiMies. It sbonld, honever, be observed 
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Ihat these plants aro not strictly arctic forms ; for, u Mr. H. C. 
Watson has rcmorked, "in receding from polar towards equatorial 
latitudes, the Alpine or mountain floras really become less and loss 
Arotia" BcEideg these identical uid closely allied forms, many 
species inhabiting the same widely sundered areas, belong to genera 
not now round in the iutermedLite tropical lowlands. 

'I'hcaa brief remarXs apply to plants alone ; but some fow analogous 
facts could be given in regard to terrestrial animals. In marine 
prodoctions, similar cases likewise ocsnr; as an example, 1 mny 
quote a statement by the liighest authority, Prof, Dana, that " it is 
certainly a wonderful bet that New Zeaknd should have a closer 
resemblance in its cniatncea to Great Britain, its antipode, than tn 
nny other part of the world." Sir J. Itichardson, also, spealti ol 
the reappearance on the shores of New Zealand, Tasmania, Sk^ 
of northern forms of fish. Ur. Hooker informs mo that twentj- 
five ipeciea of Algm ara common to New Zealand and to Europe, 
but have not been found In the intermediate tropical seas. 

From the foregoing facts, namely, the presence of temperate forms 
on the highlands across (he whole of equatorial Africa, and alone; 
the Peninsula of India, to Ceylon and the Ualay Archipelago, and 
in a less well-marked manner across the wide expanse ot tropical 
South America, it appears almost certain that at some former 
period, no doubt during the roost severe part of a Glacial period, 
the lowlands of these great continents were evcrywheK tenanted 
under the equator by a considerable number of terapemte forms. 
At this period the equatorial climate at the level of the sea was 
probably about the same with that now experienced at the height 
of from Ave ia six thousand feet under the same latitude, or 
perhaps even rather cooler. During this, the coldest period, lbs 
lowlands under the equator must have been clothed with a mingled 
tropical and temperate TegctalloD, like that described by Hooker as 
growing luxuriantly at the height of from four to five thousand feet 
on the hjn-cr slopes of the Himalaya, but with perhaps a still 
greater prcjwnderanco of temperate fonns. So ajiain in the moun- 
tainoiiB island of Fernando Fo, in tho Gulf of Guinea, Mr. Mann 
found temperate European forms beginning to appear at the height 
of about Gve thousand feet. On the mountains of Panama, at the 
height of only two thousand feet. Dr. Seemann found tho regetation 
like that of Mexico, " with forms of the torrid zone hatmoniouBly 
blended with those of the temperate," 

Now let i:s sc« whether Mr, Croll's concluaioo that when tho 
northern hemisphere suffered from tho extreme cold of tho great 
Glacial pciiod, the soulliern bemisphore was oclunily wanner, throws 
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taj cleu liglit on tiio present apparently iaexplicablo distributioD of 
Tvioiu organiwn* in Ibe tcmperBte parts of both hcmispberra, and ou 
tbe mountains of the tixjpks, Tbe GlaciaL period, ob measured by 
ycara^ must hava been very long ; and wbcn we remember over whnt 
vast spaces some natimiliiKd plaota and ammsls have spread within 
ft few centuries, this puriod will have been ample lor any amoant of 
migration. As tbe cold became more and more intense we koow 
that Arctic forms invaded the temperate regions ; and, from tbe 
facts just given, there can baidly be a doubt tbat some of lbs more 
vigorous, dominoot a^ widest- Eprtading tempente forms invndtd 
the equslorial lowlands. I'hs inbabitanta of these hot bwlandi 
would at the same time have mi^'rated to tbe tropical and sub- 
trapioal legioDS of tbe south, fur the Bouthcra bcmispliere was at this 
period warmer. On the decline of the Glacial period, as both hemi' 
spheres gradually recovered their former temperatures, tbe northern 
tempents forms living on tbe lowlands under the equalcr, would 
have been driven to tbuir former homes or have been dcstro7-:d, 
being replaced by the equatorial forms returning from tbe south. 
I Some, however, of the northern temperate forms would almost 
Uttrtoinly have ascended any adjoining high land, where, if siifll- 
\ wently lofty, they would have long survived like the Arctic forma 
F so tho mountains of Europe. They might have survived, even if 
the climat« was not perfectly fitted ibr them, for tbe change of tem- 
perature most have been very slow, and plants undoubtedly poEwss a 
certain capacity for acclimatisation, se shown by their ImnEmitting to 
j theirofispringdiffcrentconstituiional powers otreaisting heat and cold. 
j^B Jn tbe regular course of events the soothem hemisphere would in 
^Bkl turn be siQbjeeted to a severe Glacial period, with the northeni 
^^ptmisphDrs rendered wanner ; and then the southern temperate 
^Efinns would invade the equatorial lowlands. The northern forms 
] which had before been left on tbe mountains would now defend 
and mingle with the southern forms. These latter, when iliu 
warmth returned, would return to their former homes, leaving some 
bw specie* on the monntains, and carryia$i; southward wiib them 
loma of the northern terapenilo forms which had descended fruiii 
their mountain fastneues. 'ilms, wc should have some few species 
identically tbe same in the northern and southern temperate conrs 
1 tlie mountsiDB of the intcnnnliate tropical regions. But 
L Um ipedcs left during a long time on these mountains, or in Ofposi to 
mispbereB, would have to compete with many new Ibrms and 
wid baapoaoi to somewhat different physical conditions; hencu 
would 1m eminently llalile to modification, and would generally 
exist u varieties or as repretcntntlTO spcctct ; and this is the 
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ciwp. We must, nlso, licnr in micd tbe ocrarraioB in both knni- 
spberes of former GlaciiU periods ; for th«»o will acooant, ia 
accordanco with tho same pricciples, for the vna^j quite distJDCt 
epecics inhabiting the Bamo widely serarated areas, and belonging to 
genera not now found in the intcrmoliate torrid lonn. 

It ia a remarkable fact strongly indated on by Hooker in r^iard 
to America, and by Alph. de CendoUe in regard to Anstrslia, that 
maDymore identical or slightly mod ilied species bara migrated from 
the north to the south, than m a reversed direction, Wa wte, 
however, a few aouthem forms ou the moDylaina of fiomBo tod 
Abys^nia. I suspect that this prcpooderant mtgratiiai from the 
north to the south is duo to the greater extent of land ici the north, 
and to tbo noitbem forms baring existed in their own bomea in 
greater numbers, and having consequently been advanced thioogb 
natural selection and competition to a higher ttsga of perfecUon. or 
dominating power, than the aouthem forma. And thm^ when (he 
two eets became commingled in tbe eqnatotial ntgion^ during 
the alternations of the Glacial periods, tbe northen (omu were the 
more powerful and were able to hold their pUoes on the DMmt^nR, 
and aflerwards to migrate southward with the tuiUlKni (onns; bnt 
not so tho southern iu regard to the northern tonne In tbe 
•ame manner at tho present day, we aee that very many EimpMU 
productions corer tbe ground in La Flats, New Zealand, and to a 
lesser d^ree iu Auettalia, and have beat«n the nativeet whanas 
extremely few southern forms have become naturalised in any part 
nf the nortbom hemisphere, though hides, wool, and othM-ot^l* 
likely to carry seeds bare been lordly imported into Enn^ during 
the last two or three ceoturiea from La Plata, and during the last 
forty or fifty years from Anstialia. The Neilghenie moontaint in 
India, bowerer, offer a partial exception ; for here, as I bear from 
Dr- Hooker, Australian forma are rapidly sowing tbemselvM and 
becoming naturalised. Before the lest great Glacial period, no 
doubt the intertropical mounlaios were stocked with endemic Alpine 
forms; but tbeso have almost everywhere yielded to the moiu 
dominant forms, geaenit«d in tbe lari^r areas and more cffiL-ient 
workshops of the north. Iu many islands the natiTe t«odt«:ti<aiii 
are nearly equalled, or even outnumbered, by those which have 
become naturalised; and thin is tbe fitit stage toiranls Ituir 
extioction. Mouutains are islands on the land, and llidr iuhabi- 
lants have yielded to those produced within tbo larger artaa ol tht 
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The saioa pilucipln apply to the distributioD of tarreBtrinl 
nnioutls aud of marino producCioue, in Uio nortiicm and soutbcrn 
temperale sonee, and oa the iDtcrtropcal mouDtaina. Wiico, 
duHo^ the height of the Glacial period, tlio oceaa-curreuta vera 
widely diOareut to wLit they now are, souio of tbe iahabitants of 
tli4 teoipeTato wu might have reached the equator; of these a few 
would perhaps at once be abb to migrate souibward, by keepiug Ig 
tlie cooler currents, whilst others might remain nnd iurvira ia the 
colder depths until the soutbem hemisphere was io its turn sub- 
jected to a glacial climate and permitted their further progresBi in 
nearly the same manner as, according to Farbea, isulatGd spaces 
iuhabited by Arctic productions exist to Iho present day in the 
Ueeiiei parts of the northeni temperate seas. 

1 am far from auppoaiog that all the diOicuILieB in regard to the 
disttibulion and affinities of the identical and allied species, which 
now live so widely separated in tbe north and south, and sometimes 
on the iolermediate niountam-ranges, are xcmoved on tbe viena 
above givoi. The exact tines of migration cannot be indicated. 
We cannot say why certain Bpecies and not others have migrated ; 
why oertsin sptcies have been modified and have given rise to new 
funna, whilst otliora have remained nnaltered. Wo cannot hope 
to explain such lacts, until we can say why one spGcics and not 
aiioUier becomes naturalised by man's agency in a foreign land ; 
why one species ranges twice or thrice as far, and is twice or thrice 
M common, as another species within their own hornet. 

Various special difficulties also remain to be solved ; for insUoce, 
the occurrence, as shown by Dr. Hooker, of the same plants at points 
so enormoDsly remote as Kerguelen Land, New Zealand, and Fuegia; 
bat ieeberss, as suggested by Lyell, nay have been concerned in 
ibelr dispersal, llie existence at these and other distant points of 
the soutbem hemisphere, of species, which, Ihongb dis^nol, belong 
lo (jenen exclusively confined to the south, is a more remartiabU 
case fkimo of thtae species are so distinct, tliat we cannot sop- 

IpMo tbnt there has been time since the comroenocmciit of the hut 
UUdal period for their migration and subsequent modification 
lo tho uecessaTy degree. I'he facts seom to indicate that distinct 
species belonging to the tame genera have migrated in radiating 
linn from a common centre; and I am inclined lo look in the 
southero, as in tho northeni hemisphero, to a former and warmer 
jieriod, before tha commencement of tbe last Olocial period, when 
the Anlarctia laads, now covered with ice, supported a highly 
poonllarand isolated flora. It may b« auapected that before this Elan 
waa nitcrminatcd during the last Glacial epoch, a fciv forms lin<I 
I I ^ 
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t««DalreBdf widely dispersed to various poLcts of tbeEouihem heim- 
ephura b; occasional meaos of trnnxport, and b; the aid as haJti;^- 
plftce3,of now aunkea ialands. Thus the southern Bhorci of America, 
Austtalia, and New Zcalaud, may bavo b«cope slightly tinted bj 
the Borne peculiar fonns of life- 
Sir 0. Lyall in a striking passage has speculated, in laagOBg* 
atinost identical with mine, on the eSecta of great HltematituiB of 
climate througbout the norhl on geographical distribution. And 
(vc have now seen that Mr. CioirB conclusion that successive Glacial 
periods in tbe one bcmisphere coincide wilb warmer periods in the 
opposite bemisphere, together with the admission of the slow modifi- 
cation of species, explains a multitude of facts in tbe distribatioa of 
tbe same and of the allied forma of life in all parts of the gbbe. Th« 
living waters have flowed during one period from the north and 
during another from the south, and in both cases have reached tho 
equator : but the stream of life has flowed with greater force from 
the north than in Ihe opposite direction, and has consequently more 
freely inundatM the south. &s the tide leaves its drift in hori- 
zontal lines, rising higher on the shores where the tide rises highest, 
so have the living waters loft their living drift on ont moontun 
summits, in a line gently rising from (he Arctic lonlonds to a great 
allittide under tbe equator. Tba various beings thus left stranded 
may be compared with savage races of man, driven up and surviviog 
in the mcointain fastnesses of almost every land, which serve as ft . 
record, full of interest to us, of llie former inhabitants of ths 
surrounding lowlands. 
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CHAPTER XIII. 
UzocBAFBiCAL D18TRIDTITIOS— confmuetl. 

OMtribntlMi of A-aIi-w*t«r prodadiDiu — On UiB InlubitBiils of ocenDii; 
liUoib — AbuDm or Butmi'bUBi na4 ot termtrisl Mntnmili — Oa the 
nlation of thi lahnbilanUof iilandi Id those of theEoarest nuintuid — 
On calDBittUon Trom the ncircet lourca with lubaeqacnt moililicnllon 
— Sunmuiry of the liut iml prweat chiipl*r. 

Frtsh-tEattr Produetiont. 
As Ukn and rlver-systcniB are separated froro each olhet by banricn 
of Uod, it might haro been Ihpugbt that fteali-watcr produclluna 
would not have ranged vridely withio the satne country, and aa the 
Mft it appuvDtly > still more (onnidable barrier, Uiat they ircmUl 
nens have extended to dislnat countries. But the cose is exactly 
the leveree. Kot only have many frcah-watcr specica, bclon^ng to 
different cUisea, an onormnuB range, but allied specitt ^vail in a 
remarkable mannet thronghout tha world. When first collecting 
in the fresh waters oF Diozil, I well remember feeling much sur- 
prise at the eimilnriCy of the fresb-walor insects, shells, &c., ond 
at the dissimilarity of the surrounding terrestrial bein^ comparMl 
wilb those of Britain. 

Unt the wido ranging power of frcah-walor prodQClions can, I 

P think, in roost coses lie cxpUined by their having become fitted, in 
n manner highly un-fut to tliem, for short and frequent inigtstipns 
fnnn pond lo pond, or from alrcam to stream within their own 
coiiDlriei; and liability to wide dispersal would follow from this 
ca|>acity aa an almost necessary consBqucnco. We csn here consider 
only a few cases; of these, aomo of tbo most difficnlt to eiploin 
nro presented by fish. It was formerly believed that the same 
^^ fresh-water species nnver existed on two continents distant from 
^K oach olhor. llut Dr. Gtinther has lately shown that the Gnlaxiu 
^H atienoatua inhabits Tasmania, Kew Zealand, tbo Falkland Islands, 
^H and the mainland of South America. Tills ia a wotiderfnl case, anil 
^H pcohabl; indicstos dispersal from an Antarolie centre dnriog a fonner 
^^B warm j^rfod. Hila case, howeTor, !■ rendered in some d^roe lees 
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mirprifliQg by the specieB of Ihis genus having the power of croMiag 
b; Gomo unknowQ me:ins considerable spaces of open ocean: thua 
there is one spcciea common to New Zcftlacd uul to the AucUand 
Islands, thuui:b separated by a dtstoncs of about 230 miles. On 
'bo BnmB continent freah-wnter fish often range widoly, and aa if 
I'apiicionsly I furin two adjoining river-systems some of Ibe Bpecies 
tnay be Uie same, and some wholly dilTerent. It is probable that 
(hoy are occasionally transported by what may be called accidental 
means. Thus Cshes alill alive are not very rarely dropped at distant 
points by whirlwinds ; and it b known that the ova rclAin their 
vitality for a considerable time after removal from the water. 
Their dispersal may, however, be mainly attributed to changes in 
tbe level of the land within tho recent period, causing rivers to floir 
into each olher. Instances, also, could be given of this having 
occurred during floods, without any change of level. The wide 
diSercnco of tho lish on the opposite sides of most mountntn-rangeSf 
which ore contimiotw, and winch consequently must from an early 
[leriod have complotoly prevented tho inosculation of the riviir- 
fljstcms on tho tno mdcs, leads (o tlio same conclu^on. Sonio 
fresh-wator fish belong to very ancient fonns, and in. snch cllsea 
there will have been ample time for great googmphical changes, and 
consequently time and means for much migraiion. Moreover Dr. 
Giinther hss recently been led by several considerations lo infer 
that ivtth fishes the same forms hare a long endurance, ('all-water 
fish can with care bo slowly accnstomod to live in fresh walcr ; 
nnd, according lo Valenciennes, there fa hardly a single gtotip of 
which all the members arc confined to fresh water, so Ihnt a mnrino 
species belonging to a freah-watcr group might travel far along tho 
shorea of the sea, and ooulJ, it is prolxiblc, become adapted ivithout 
much difficulty to tho fresh waters of a distant land. 

Some species of frceh-watcr shells havo very wide ranges, nnd 
allied species which, on our theory, nro descended from a common 
parent, and must hnvo proceeded from a single source, prevail 
throughout Ibo worM. U'heir distribution at first pcrplcTcd me 
much, as their ova are not likely to bo Iransporlcd by birds; ami 
the ova, as well as the adults, are immediately killed by sea-wator. 
I could not oven nmlcmtand bow some naturalised species have 
sprmd rapidly throughout tbe same country- But two facts, which 
I hate observed — nnd many others no doubt will be discovered- 
throw soma light on this subject. "VVhcn ducks suddenly emergs 
from a jHind covered with duck-weed, 1 havo twice mob tbeso titile 
plants adhering lo their bacts; nnd it has happened to me, in' 
icmovius a liltlc diick-weod from one atiuarium to another, that I 
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have Djuotenlionally stocked tlio one wilh fresh-waicr Eb<:I1a (rom 
Uie other. But Rootbcr agcnoy is porlinipa morD cfTcctii.tl : 1 sui- 
lionded the feet of s dock la an aquarium, where nutny ova of freab- 
waier shells were batchiDg; and I found thnC numbers ot tbs 
extremely minute and just-liatched GhcUs crawled on the feet, and 
clung lo them so firmly liiat ivlicn taken out aX the watrr they 
vould not bo jarred tiff, though at a somenhat mote advanced ago 
iJiey would Toluntarily drop off. These jnat-halched moUuscs, 
lliough aqualio in theit nature, survived on the duck's feet, in 
dHiu|) Rir, from twelve to twenty hours ; and in tliis length of tiine 
a liuclc or heron might fly at least six or seven hundred milea, and 
if blown serosa the sea to an ocesnic island, or to any other distant 
point, would bo sore to alight on a pool or livuleL Nir Charles 
LyelL iuTonns mo that a Dytiraus has been cati^ht with on Ancylua 
(a fresL-w.tlor shell like a limpet) firmly adhering to it; and a 
water-beetle of (ho some &mjly, a Colymbetee, once fletr on board 
Iho ■ Beagle,' when forly-live miles distnnt from the neatest land : 
how much farther it might hare bocu blown by a favouring gala 
DO one can tell. 

With respect to plants, it lias long been known what enormous 
range* many frcah-walor, and oven marsh species, have, both over 
continents and to the moat remote oceanic i^ilands. Thin ia strikingly 
illustrated, according to Alph. do Candolle, in those largo groups of 
terrestrial plants, which have vary few aquatio members; for the 
Uitcr leem immediately to acquire, as if in consequence, a wide 
range. I think faroumblo means of dispersal explain this facL t 
have before mentioned that earth occosianully adheres in soma 
quantily to the feet and beaks of birds. Wading birds, which fre- 
quent the moddy edges of ponds, if suddenly flushed, would l>e the 
meet likely to have muddy feet. Birds of Ibis order wander moto 
tlioQ those of any other; and they ore occasionally found on the 
most remote and barren islands of the open ocean ; they would not 
be b'kclj to alight on the surface of tho too, so that auy diit on 
titcii feet would not b« washed of; snd when gaining the land, 
thpy would bo sure to fly to their natai&l fresh-water haunts. 1 do 
not believe that botanisis are atvore how ohu^ the mud of pondd 
'■» with seeds ; I have tried sevcrnl Ulllo experiments, hut will hero 
givo only the most striking case : I took in Febmaiy throe tabic- 
•poonfuti of mud from ihrea different points, beneath water, on tlio 
(dge of n little pond : this mud when dried weighed only G] ounces ; 
I kspt it covered up in niy study for sis mouths, pulling up and 
MUDiing each plant as it grew; the plants were of many kindn. 
ud wore olugclbcr 537 in number ; and yet the viscid mod was nil 
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contnined in a breakfast cup ! ConBidaVing tlie 
woalJ bo an bexplicable ciicumsUJica if water-binls did not tr»ns- 
port the seeds of (reah-wBter plants to unEtocked ponda and itreftina, 
situated at vety dislnut points. Ilie snmo agency mij have coma 
into play vitli the eggs of somo of the smaller fresb-waler aminals. 

Other and nnknown agencies probably have also played ■ part. 
1 huTC stated that fre^-wster fish cat some kinds of seeds, thongh 
tbey reject many other kinds after having swallowed them ; erea 
small filth swallow seeds of noderato size, as of the yellow water- 
lily and Pctamogeton. Herons and other bird?, century after cen- 
tury, have gone on daily devouring fisli j they then take flight and 
i;o to other waters, or are blown across the bea ; and we hare seen 
that seeds retain their power of germination, when rejected many 
hours aftcrnards in pellets or in the excrenenL When 1 saw the 
great Bizs of the seeds of that fine walcr-lily, the Nelumbiura, and 
remembered Alph. do CandoUe's remarks on the distribution of 
this plant, 1 iLought that the means of its dispersal must remain 
iueiplifsblo ; but Audubon states that he foutid the seeds of the 
great southern waler-lily (probably, according to Dr. Hooker, the 
Nelumbium latcum) in a heron's Btomagh. Kow this bird must 
often have flown 'wiih lis stomach thus well slocked to distant 
ponds, and then getting a hearty nunl of fish, analogy makvs ms 
btlicvD that it would have ri'jcctid the seeds in a pclltt in a fit etate 
for germination. 

In considering these soveinl means of distrihntion, it should bo 
remembered that when a pond or strram is first formed, for instance, 
on a rising islet, it will 1« unoceupitd ; and a single seed or egg 
will have a good chance of succeeding. Although there will always 
be a struggle for life Iwtween the inhabitants of the same pond, 
bmrever few in kind, yet as the number even in a wcU-stockod pond 
is small in comparison with the number of species iohabiting nn 
equal area of laud, the competition between them will probably be 
less severs than between terrestrial species; coDsequcnlly an iii- 
Iruder from tho waters of a foreign ccoatry would have a better 
chaticc of seizing on a new place, than in the case of IcrreEtrial 
colonista. Wo should also remember that many fresh-water pro- 
ductions are low in (be scale of nature, and wo have reason to 
believe that such beings become modified more slowly than the 
hi^b ; and thia will give time for the migration of aquatic species. 
Wo should not forget the probability of many fresh-water forms 
having formaly ranged continuously over immense arras, and then 
having become extinct at intermediate points. But the wide di»- 
trihution of fresh-water plants ar.d of the low 
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reUining Uie SAma identical form or in some degree modified, appa- 
KiDtly depends in ronin part on the wido diipenal of their »eedfl 
and oggs l; animftls, more espcciall^r by rrrfh-n&tcr birds, which 
lure great powers or flight, and uatarally- \a.\A from odd piece cf 
water to Another. 

On ilie Ittliabilanli i>/ Oaanic ItJandi. 
We now come to tho Isst of the tbrco chraci of factn, which I 
hitve ■clectol hb prcwnLing the greattst amount of difficult j with 
respect to distribution, on tho ticw that not only all the individuals 
oF tho eamo epccira have milled from sorao one area, bnt that 
nlliod specie*, althougli now inhabiting the most distant points, 
have proceeded from a single area, — the birthplace of their early 
progeniton. I Imvo alrmdy given my reasons for disbelieving in 
continontal cstcnBtona within the period of existing species, on so 
CDonnons a sctlo that nil the many iabnds of the several oceans 
were thus Slocked with theit present terrestrial inliabitants. 'J'liis 
IT rcmovrai many diffimilties, but it docs not accord witb all the 
facts in rc^rd to the productions of iitanda. In the following; 
remarks I shall not confine myself to the mere question of dieperMl, 
bat shall consider sume other cases bearing on the truth of the two 
thnirie* of independent creation nnd of descent with modification. 

1'he species of all kinds which inhabit oceanic it^landa ore fi^w in 
number compared with those on equal continental areas : Alpli, du 
CandoUe admits this for plants, and Wollaston for insects. New 
jfeaUod, for inslnncc, niih its lofly mounlains and diversilitd 
stations, extending over T80 miles of latitude, together with tho 
outlying IsUnds of Auckland, Campbell and duilliatn, contain 
•Itogolher only 060 kinds of flowering plants; if we compare Ibis 
noderato nnmhcr with the species which swarm over equal areas in 
Soalh-Westem Australia or at tho Capo of Good Bo|>e, wo nnut 
admit that some cause, independently of diServnt pbyiiical ron- 
di^ons, has given rise to so great a didercnco in number. Rvcn 
the onilonn county of Cambridge has 847 jilnnls, and the litlla 
islud of Angleiea 764, but a few fcrus nnd a few inlrodncod 
plute are included in these numbors, nnd llic cumpuriion in eome 
otlicr fcspoct* ia Hot quite bir. We have ciidcnco that llio barren 
I island of AaccnKbn aboriginally poEscsacd lesx than half-o-doien 

flowering plants; yet many spooics have now become naturalised 
m it, •« they havo in New Zealand and on eri;ry other ocounio island 

I which can bs nomod. In ^U Helena there is reason lo believs that 

^H tba ulumlised phuta and animals have nearly or qnitc axter- 
^H mlnattd many native ]*ri.-dui; lions. He who ndmit* iKe dnrtritM 
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sf lbs creation of each teparata species, tviU have to admit that 
s snfficicDt number of the heat adapted plants aod BDimals were 
not created far occaiiic ielaads; for man has uniDtcutioDally stocked 
tbcm far more fully and perfectly than did natora. 

Although in oceanic isUuids the species are few in number, th« 
jiroportiou of endemic kinds (i, e. those focnd nowhere else in 
the world) is often extremely large. H n-e compare, for iostance, 
the nambec of eudamio Und-ahclls in Madeira, or of endemic hiida 
in the Onlapagoi Archipelsgo, with (he number found on any 
continent, and then compare the area of the island with that of 
the contineDt, we shall see that this U Irue. ^'his fact might 
have been theoretically expected, for, as already explained, species 
occniionallj arriving aflcc long intervals of time in a now and 
isolated district, and having to compete with new associates, woald 
be eminently liable to roodiGcation, and would ofloo produce gronpa 
o{ modifled deEceadaiits. But it by no means follovrs that, because 
in an island nearly sll the species of one class are peculiar, those of 
another class, or of another section of the same class, are peculiar ; 
aiid this difference seems to depend partly on the npecies which are 
not modified having immigrated in a body, so that their mutual 
relations hare not been much disturbed ; and partly on the fre- 
quent arrival of unmodified immigrants from the motherHMuntry, 
with which the insular forms have intercrossed. It should be 
Iwrno in mind that the oflspring of such crosBoa would cerhiinly 
gnin in vigour; so that even an occasional cross would pioducs 
more effect than might have been anticipated. I will give a few 
illustrations of the foregoing remarks : in the Gnlnpagos Islands 
there are 26 land-birds; of iheao 21 (or ixirlmps 23) arc peculiar, 
whereas of the II marine birds only 2 arc peculiar; and it ia 
obvious that marine birds could arrive at these islands much more 
easily and frequently than laud-birds. Ecnnuda, on the other 
hand, which lies at about the lame distance from Korth America 
>)■ the Galapagos Islands do from South America, and which has 
n very peculiar soil, does not possess a single endemic land-bird ; 
and wo know from Mr. J. SI. Jones's admirable account of Bermuda, 
that very many North American birds occasionally or even fre- 
quently visit this island. Almost every year, as I am infonncd 
by Mr. E. V. Hnrcoiirl, many Etiropean and Africon birds oro ' 
blown to Madcim ; this island is inhabited by 00 kinds, of which 
one alone is peculiar, though Tciy closely relntcd to a European 
form ; and three or four other species are confined to this island 
and to the Canaries. So that the Islands of Bermnda and Madeira 
have been stucktd from Ihe Dtighbouring continenls with biris, 
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wbkh foe long ages havo Uiero Btruggled together, and liavo 
liecome mntually co-adapted, llcrnco when settled in their new 
haines, each kiod will havo been kept by the olhera lo iC3 proper 
place and habits, and will consequently have been but bttls liable 
to modification. Any leadeiicy to modiBcation will alEo have been 
cbeckod by iat«rcroe«ang with the unmodified immigrants, often 
airiving from the mother-country. Madeira again ia inbabilcd 
by a wonderful number of peculiar land-Ehells, wlicreos not one 
epeciei of aeB-ahell is peculiar to its sbores : now, though wa do 
not know how sea-shells are dispersed, yet we cnn see that tbcir 
eggs or larvK, perhaps attached to seaweed or Heating limber, or lo 
the feet of wading-bii-ds, might bo transported across three or four 
hundred miles of open sea far more ensily than tand-shclls. Iho 
ilifTerent orders of insects inhabiting Madeira present nearly pnrallcl 



Oceanic lEUnils are EomclimcH deficient in animals of certain 
whole cloeses, and Iheii places are occnpicd by other cUsses : thus 
in the Gatapagoe Islands reptilta, and in 'Sew Zealand gigantic 
wii^lesa birds, take, or recently took, the place of mauunals. 
Although New Zealand is here spoken of as an oceanic island, 
it is in some degree doubtful whether it should bo so ranked ; it 
is (li large size, and ia not scparalcd from Aiistmlia by a profoundly 
deep sea; from its geological character nnd the direction of iis 
moDntain-rangcH, llio Itev, W. B. Clarke haa lately maintained 
that this island, ns well as New Caledonia, should bo cooaidcrcd in 
appartenanccA of Australia. Turning to plants, Dr. Hooker hun 
Mmwi) that in tlio Galapcigos Islands the proportional nnmbeta of 
the diETcreDt orilcrs arc very different from what Ihcy are cUewltero. 
All such dilTcrcnccs in number, and the absence of certain whole 
graupa of aniniaU and plants, are generally accounted for by aup- 
pCMd differences in ihe phyucal conditions of the islunils; but this 
eipluution is nut a little doubtfuL Fncitiiy of imDiigralion 
MMU to have ken fully as important as llie nature of the con- 
ditiODI- 

bUny raniaikahlc llttlo facts could be given with respect to the 
inhabitMtts of ocennio inlands. For instance, in certain islands rtot 
tcotwlcd by a unglo Duunmal, £oroe of the endemic phata Iibto 
btaotlfuUy hooked socds; yet few rolations are more touiifeat 
than that hooks serve for tlie transporlal of seeds in the wool 
ur fur of fiuadrupeda. Hut a hooked seed might be carried to 
an island by other means ; and the plant then becoming modified 
roitid form an endemio ipoci^s, siill rclaicing its hooks, which 
'.d form a useless appendage like the EhiivcIIcd wirgs iindsi 
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tho soldered wing-covers of many insnlar booties. Again, ialaada 
often possess treoi or bushes bclungirig to orders Ivhicli elaewhen 
inclodo only licibaceona 8pecioa ; now troea, as Alph. do Candoile 
has sbowa, goDerally have, wlintevor the wfjso may be, confined 
nuigcB. Uence trees vroiild bo little likely to reach distant oceanic 
islands ; and &a hctbitccoua plant, which hnd no chance of soccer 
fully competing with the many fully develojied trees growing on 
a continent, might, when established on an island, gnin an adran- 
tage over other herbaceous plants by growing tailor and taller And 
overtopping them. In ihia caao, natural selection would tend to 
Rdd to the stature of tho pinnt, to whatever order it belonged, and 
thus first convert it into a bush and then into n trco. 

Abttnet of Lalrachiaru and Terreilriai Sfamnuih oa Oceanic I 
Jilindi. I 

With respect to tho nbsonco of whole orders of animals on oceanio 
islands, Uory St. Vincent long ago remarked tliat Jtatrachiana 
(frogs, toads, newts) aro never found on any of the many islands 
with which the great oconna are atudded. 1 have token pnina to 
verify this assertion, uud have found it true, with tho excoptioa 
of New Zealand, New Caledonia, tho Andaman Islantli, Uid per- 
haps the Salomon Islands and tho Seychelles. But 1 have already 
remarked that it is doubtful whether New Zealand and New Calo- 
■ionia ought to be classed as oceanic islands ; and this is still mans 
iloubtful with respect to the Andaman and Salomon groups and 
tlio Seychelles. This general absence of frogs, toads, and newts on 
BO many true oceanic islands cannot bo accounted fur by their 
physical conditions : indeed it seems that islands sro peculiariy 
fitted for theso animals; fur frogs have Iwen introdnced into Ma- 
deira, the Azores, aud Mauritius, and havo multiplied so as to 
become a nuisance. But as thcao anim.ils and thoir spatvn are im- 
mediately killed (with tho exception, as far as known, of one Indian 
Bpocies) by sca-^vator, there wotOd bo groat diKculty in their liana- 
portal across the sea, and therefore we can see why they do not 
exist on strictly oceanic islands. But why, on ilia theory of crea- 
tion, they should not havo brcn ircnlcd there, it would l>e very 
dilhcult to explain. 

Mammals oflcr anothor and siniilnr casv. I havo carefully scorched 
the oldest voyages, and have not foimd a single instance, free from 
doubt, of a terrestrial niaouual (excluding domesticated animals 
kept by the natives) inhabiting an island situated above 300 miles 
Irom a continent or great continental island ; and many islands 
situated nt a ranch leas distance are cqiuvlly barren. The Falkland 
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Isbnds, nhioh arc intutbited hj a wolf-like fax, como ncuosl to an 
ezceplioo; but this group cannot ba considered tu oceanic, ai it 
lie* on a bank in cunaoction with the iminlond at the diatAOco of 
obotit 280 milcB; moreover, icebergs formerly brought bonldcra in 
its western shores, and they may have formerly traasported foios, 
aa now frequently huppans in the arctic rogions. Yet it cannot bo 
said that small islands will not support at least sioaU mammals, 
for thvy occur in man; ports of the world on very small ialaad:i, 
when lying close to a continent; and haidly an island can bo 
iiamcd on which our smaller qtiadrnpcds have not become natu- 
ralised and greatly multiplied. It cannot bo Kud, on the ordinary 
view of creation, that there has not been time far the creation of 
iruumnals ; many volcanic islands ore sufltcieatly ancient, as shown 
by Iho stupendous degnuiation which they have auOereil, and by 
their tertiary strata : there has also been time for the production 
of endemic species belonging to other cUsses ; and on continents 
it is linown that new apocios of manunals appear and diaappcAr at 
a (jiiiclier rate than other and lower animals. Akhongh terrostiinl 
mammals do not occur on oceanic islands, aerial tnanunals do occnr 
un almost every island. Neiv Zealand possesses t^vo bola Iband 
nowhere else in the world : Korfbllr Island, the Viti Archipelago, 
the Bonin Islands, the Caroline and Maiianne Archipelagoes, and 
Mauritius, all posscBs their peculiar baU. Why, it may 1« nskel, 
has the supposed creative force pn>duc«d bats and no other mam- 
mals on remote islands ? On my view this question can easily ba 
answered ; for no terrestrial mammal can be transported across a 
wide Epoce of sea, but Ints con fly across. Bats have been seen 
wandering by day far over the Atlantic Ocean ; and two North - 
Ameriean species either re^larly or occa^onally visit Bcmnda, nt 
tha distanoo of GOO miles from the mainhmd. I hear from Ur. 
'I'omea, who has specially studied this family, that many spoeius 
hare enormous ranges, and are found on continents and on fhr 
distant islands. Ilcnoe wo haTs oniy to snpposs that such wan- 
dcrii^ species have lieon modiScd in their new hoinns in relation 
• position, and wo con understand the presence of 
I on uceanic islands, with tlio absencs of all other 
tcmtttlal mammals. 

Another interesting rclalion cxislft, namely Iwlwccn the de[Hli 
of tha sc* wparating ielands from each other nr from the nearest 
eonlinent, and the degree of alKntly of thar mammalian inba- 

Ht. Windaor Earl has mails wnio striking obserrations 
■ fasad, since grnatly extended by Mr. Wallace's admirable 

, in regard lo Iho groat Bfnlay Ardiipelajn, which in 
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ir Cclebea b; ». Rpace of deep oomb, «ad tliu 
tm wtddf dirttnet truunmalma fatmao. On either ade Iha : 
■tand on k modentely ahsltow submuine buik, uul tlwn ^'■"■fr 
■ro tnhtibiMd bf tbe tame or bj clowlj aUied qoadrnpcdft. I ksia 
not u yot had time to follow up Ihui subject in all qnaitera of tbe 
world) but M for as 1 have gone, the relalion holds gooiL For 
Idilanca, ilriloia ia Kimnited bj a Bhallow cbaooel from Etoofie, 
aud the maiiinuilii nro Ibo tamo on both eidce; sod so it U with all 
tbo laUadi nnr tho shores of Amtralis. 'Hie West Indian '»'«"■'-. 
cin the other hand, ttand on a docplj' subnierged bank, nearly 1000 
Tathonw in depth, and here wo find American fomu, but the Bpecka 
uid avoD the genera are quite distinct. Aa the amoout of modi- 
noallon which auimaU of all kinds undergo, partly depends on tbo 
lapM of time, and as the islaods which are separated from each 
itJior or Irum tbo mainland by sballuw clumnela, are more likely 
to liaVd be«n continiiuiuily united within a recent period than tho 
lalandi eeparnlod by dec]ier chnnnels, we can understand how it 
1* tbnl a relation exists between the depth of tho sea separating 
two loammaliao fuunos, and the degree of their albuity, — a relation 
which U quite inexplicable uu the theory of independent acta of 
craalion. 

'I'ho faruguing slulumonts in rD|;ard (o Uie inhabitant! of oceiuuc 
inland*,— Dainoly, tlto foivnoas of tho Biiecies, with a large proportion 
eonsisling o( codumlo fonns— the members of certain groups, but 
not tboH of other groups in tbo same class, having been modiGed — 
llin abiance of certain whole orden, as of batrochians and of tcr- 
I'l'itrlal mammals, notwithstanding the presence of aerial bats, — 
Ilia slDgular pruiwrtlons of coitain orders of plants, — herbaceous 
form* baring been developed into trees, &c., — seem to me to accord 
lwl.t«r with tho belief in tlio oEGcicncy of occasional means of trans- 
jioit, carried on during a long course of time, than with tho belief 
in tho former connection of all oceanic islands with the ncni«st 
coDtlnoDli for on this latter view it is probable that the various 
oloaaes would hnvo immigrated moro uniformly, and from tho 
npvcioB having entered in a body tlicir mutual relations would not 
have been much diBturbod, and consequently they would cither bavo 
not been modilinl, or all tbo species in o niuro ccjuablo manner. 

1 do not deny that there aro many and sorious dilEeuUies in 
undontonding how many of the inhabitants of the more remote 
l«lan<U> whether atill retaining tho same specific form or subse- 
quently modiOcd, have reached their preeent homes. But the 
probaUlity of other islands having once existed as lialting-places, 
of which not a wreck now remains, m-iEt not be ovrrlookMl. I will 
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■pecify ODB difficult cnso. Almost all oceaaic tslnndB, eitu the 
most isolalod and sitmUcst, nro inhabited by Innd-atiollB, generally 
by cndeiaic (pecica, but Bomctimc* by apccica found elaowhere, — 
■trikuig instances of which have bcca girpn by Dr. A. A. Gould 
in rolBtioQ to thu PaciBc. Now it ia notorious that land-Bheila 
aro easily killed by eca-wit^r; their cggx, at least such as I liaro 
tried, sink io it and aro killed. Yet theie must he some unknoim, 
hut occasooally efficient tnaws for their tranaportal. Would the 
just-hatched young Bomelitncs adhere to tlio feet of birda roosting 
oa the ground, and thus get transported 1 It occurred to ine that 
land-sheUa, whenhybeniatiDg and having a membranous diaphmgro 
tr the mouth of the shell, might be fionted in chinks of drifted 
tlmbct across moderately wide arms of the sen. And I find that 
scTcral spcvics va this slato withstand uninjured an inuneraion in 
ie«-WBt«r during seven days : one eliell, the Helix pomatia, after 
having been thus treated and ^ain bybemating was put into sm- 
iTBtcr for twenty days, nnd perfectly recovered. During this Itmglh 
of tima the ihcl! might bnve been orricd by a marine curreut of 
'average swiftDeBS, to a distance (if 6G0 gcogmpbical miles. As 
this Ucllx baa a thick calcoreons operculum, I removed it, and 
when it had furmud n new monihiannua one, 1 again immersed it 
It foattren (hiy» in son-water, and again it recovered and cmwicd 
nway. Pnrun Ancapltninc has aincc tried elmlUr experiments: he 
placed 100 land-ihclls, brionging to ten species, in b box perced 
with holM, and immorsed it for a fortnight in tlie sea. Out of the 
kundrod shoUs, Iwenty-flevcn rocovered. 'ITie prcscnco of an opct- 
' ttiltun (rems to have been of importance, as out of twelve specimens 
I oTCyclaitoma cleans, which is thus furnished, eleven rcvired. It 
ia Tomarkablo, seeing how welt the Helix pomalia resisted with me 
' a wlt-watcr, that not one of fifly-four spccimcna belonging to 
iir other apccius of HcUi tried by Ancapitaine, recovered. Jt Is, 
wsrer, not at alt probable that lond-BtwlIs have ofUin I>ovn thus 
I tnoaporled; the feat of birds offer a more probable method. 



'ITin mi»l striking and important fact for us Is the affinity of Iho 
■pedes wbicli inbubil Islands (o ihoto of the nearest nwlnland. 
wlthont btlng actually the lamc. Numoroui instances oould be 
gllviiii, Th« GaUpagoa Archipetago, situattd under Iho oqaai^i, 
lie* at Iho distance of between 500 And 600 miles from the sbortn 
I *f Sonib America. Here almost every pntdiict of the land and ol 
\ th« water beaw tlio onmislftkcaUc stamp of tl>e .*liirrimii conlliieTit 




'ITifTO arn twenly-six land-liirda; of theae, twenty-one or pwl 

twenty-three aro ranked as distinct species, and wonld conunoalj- be 
usumcd to bavB been here created ; yt^t lbs close affinity ot mceC 
of those birds lo American species ta manifest in every character, 
in their habits, gnatures, and tones of voice. Bo it is with the other 
nnimals, and with a large proportion of the planta, as sliown bjr 
Dr. Hooker in his sdmirable Flora of this archipeli^o. Tho nato- 
rniist, looking »t tlia inhabitants of these volcanic blands in tba 
1'iciGc, distant sevcml hundred miles from the continent, feols that 
ho is standing on American land. Why should this bo so ? why 
dhould tho species which are supposed to have been created in 
the Gnlapa~os Archipelago, and nowhere else, bear so plainly the 
jtsmp <tf affinity to those created in America? There is nothio* 
in the cotidirions of life, in the geological nature of tho islands, in 
tlifir hdsht or cliraalo, or in the proportions in which the sevcml 
classes are associated tn<;other, which closely resembles the con- 
ditions of the South American uosst : in fact, tbers is a consider- 
able (^ssimilitrity in all these respects. On the other bond, there, 
is a considerable degree of resumblauco in the volcanic nature of 
tho soil, in tho climate, height, and size of the islands, botwcon tbe 
Galapngos and Cape de Verde Archipol^oes : but what an eaitire 
and absolute diOercnce in their inhabitants 1 The iubahitants of 
Ibo Cape deTcrde Islands are related to those of Africa, like thotw 
of the Galapagos to America. Facts such as these, admit of no 
tort of eiplanation on the ordinary view oflndepeudent creation; 
whereas on the view here maintained, it is obvious that the Gala- 
pagos Islands would be likely to receive colonists from America, 
whether by occasional means of transport or (though I do uol 
Itclieve ia this doctrine) by formerly cootinuoHS land, and the Cape 
do Verde Ishiuda from Africa; such colonists would be liabli 
to modification, — the principle of inhcrilaoce still betrnyin; 
original hirth place 

Many analogous facts could bo given : indeed it is an almost' 
universal nile that tho endemic productions of islands are related,! 
to those of tho nearest continent, or of tho nearest large isl: 
The exceptions are feir, and most of them can be cxplai 
'Jlius although Kcr^uelen I.and Bt.inds nearer to Afiica tliai 
Amcrl^ the phnts are related, and that very closely, as we k. 
fiom Dr. Hooker's account, to thoso of America : but on the i 
that this island has been mainly stocked by seedi bronght with 
earth and stones on iceboi^s, drifted by the prevailing carront^ 
this anomaly disappears. New Zealand in its endemic pUnti io 
much more closely related to Aiiptralia, the nearest tr.ainlund, ihao 
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to uij' other region : and thit is wluit might baTB been expected ; 
but U IB al«i plainly related to South America, which, although 
the next iie>r«et contioent, is ao enonnoiuly remote, that the fctct 
bocontes Bn anomaly. But this difficulty partially disappears ou 
the viev that New Zealand, SouUi Ameiica, and tho other Eonthcrn 
landa have b«en stocked in part from a nearly intermediate though 
distant point, namely from the antarctic islands, when Ihcy were 
elolhed with Tcgetation, during a warmor tertiary period, before tho 
commencemeut of the lost Glacial period. The afllnity, which 
though feeble, I am assured by Dr. Hooher is real, betnecn the flun 
of tho ■outh-wealem corner of Australia apd of tho Cape of Good 
Hope, is a far more remarkable csao; but this affinity is confined 
to the plant*, and will, no doubt, some day be explained. 

The ume law which has detccmiDcd the relationship between 
the inhabitaati of islands and the nearest mainland, is lomctimi's 
displayed on a small scale, but in a most interesting maccer, 
within the limita of the eamo archipelago. Thus each separata 
island of the Galapagos Archipelago is tenanted, aod the fact is a 
BtarrellouB one, by many distinct species: but these species are 
related to each other in a rery much closer manner than to the 
inhabitants crf the American continent, or of any other quarter 
c( the world. This is what might have been expected, for islands 
situated so neat to each other would almost necessarily receive im- 
niigranta bom tho same original source, and from each other. But 
how is it that many of tho immigrants have been diflercntly 
modified, thoogh only in a small dc^re*?, in islands situated within 
sight of each other, having the same geological nature, tho same 
hei^t, climate, &:c. ? This long appeared to me a great diSiculty : 
but it arises in chief port from Uio deeply-seated error of coDsideriog 
tho physical conditions of a country aa the moat important ; whereas 
it cannot be disputed that the nature of the other species with 
which Bach haa to compete, is at least as important, and goDcrally 
a far more important element of success. Now if wo look to the 
■pedes which inhabit tho Galapagos Archipelago and ate liko- 
wia* found in other parts of tho world, we find that they dilTcr 
coDSideiably in the several islands. This diRercnce might iiiilcid 
haro been expected if the islands have been stocked by occasioual 
of transport — a seed, (or instance, of one plant having been 
Lranght to ddo ieiand, and that of another plant to another islaml. 
tliough all proceeding from tho same general soilrc«. Hence, when 
tn furroer times an immigrant first Ecttlod on ooe of the islands. 
i«r wb«D it •ataequently tprood from one to another, it would 
|ltndoiibl«dly be eipoeed to diQerenl comUlions in tho difTcrcnt 
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Ulanilx, fur it would liave to compete vith a different set of 
□rganiamsi a plaut for mstanco, wouM Had the groimd best fitted 
for it occupieJ by sontewhat diffcreat apcciee in tho diSerent 
islnmls, sad nould be expoGod to Ibe attndis of somonbat dif- 
ferent eDemies. If then it varl«c), natuial sclcctioD would probably 
favour diCFerent TnTicties in the difTorent islands. Some apecies, 
however, might spread and yet retain tho same character throngh- 
out the group, just ae wo sea Eome species spieading itridely 
Lhrooghotkt a continent and remainins '^ sune. I 

llic really eiirprisiog fact in this cnso oF tho Galapagos Arcbip(»>a 
lago, and in a lesser drgreo in some analogous casts, is that eacb.-a 
now spccios after being formed in any one island, did not spread. I 
quickly lo ihe other islaudi. But the islands, though in sight of 
each otlier, nro aepnrated by deep arraa of the sea, in most cssca 
wider than tbe British Channel, and Ihera is no reason to snppoBe 
lliat they have at any former pi'.riod been continuously uniceil. 
The currents of tUo sea are rapid and swcq) between the islands, 
and gales of wind are extraordinarily rare ; ho Ibat the islands ara 
tar more effectually separated from each other than they appear on 
a msp^ Nevertheless some of tho species, both of those found in 
other ports of the world and of those confined to the archipelago, 
are conunoQ to tho severul islands; and we may infer from their 
lircficut manner of distribution, that they have spread from ono 
island to tho others. But we often take, I think, an erroneous view 
of the probability of closely-allied species invading each other's 
territory, when put into free intercommunication. Undoubtedly, if 
one species has any advantage over another, it will in a very brief 
timowhollyor in part supplant it; but if both ara equally well fitted 
fur their own placen, both will probably hold their sejiarate places 
for almost any lengtii of tine. Being familar with tho fact that 
many species, naturalised through man's agency, have spread witb 
astonishing rapidity over wide areas, we are apt to infer that most 
species would thus spread; but we should remember that the species 
which become naturalised in new countries are not generally closely 
allied to the aboriginal inhabitants, bttt are very distinct forms, 
belonging in a largo proportion of cases, aa shown by Alph. de 
Dindolle, to distinct genera. In tho Galapagos Archipelago, many 
even of Iha birds, though so well adapted for flying from island 
to island, differ on tho different islands; thus there are three 
closely-allipd species of mocking-tbrush, each con6ncd to its own 
itihuid. Now let us suppose tho mocking- thrush of Chatham 
Island to be blown to Charles Island, which has \\a own mocking- 
thnish; why should it succeed in establishing itadf there? 
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mBf ufely Infer that Choilet Islnod is well stockcil nllli its otm 

tpcciea, for antnially more eggs ure laid and young birds linlphcd, 

than can possibly be reared; and wo nwy infer that the mocking- 

tbrmh peculiar to Charles Island is at least as well filtcl for its 

home as is tbe species pecniiar to Chatham Island. Sir C, I.jiOl 

and Hr. Wollulon have commtiDicatcil lo me a rcmsTkablo fncl 

bearing on this subject; namely, that Madeira nnd the adjoining 

islet of Porto Santo poagcaa many distinct but representalivu 

■pedes of land-shells, some of which live iu crevircs oX sLoue \ 

and although large quantities of atone arc annually transported 

from Porto Sanlo to Modeiia, yet tins latter island has not bWme 

coIoDieed by tho Forto Sanlo species: neTertheleEs both islands 

have boon colonised by European land-shells, which no doubt had 

aomo advantage over the indigenous irpecics. From tliese con- 

ndemtions I think we need not greatly marvel at tho endemic 

L •pedes which inhabit the several islAndi of the Galapn^os Archi- 

I Iwlago, not having all spread from island to island. On the same 

[ continent, also, preoccupation baa probably played an important 

[ part in checking the commingliag of Iho species which inhabit 

r dltTerent districts with nearly the same physic;il conditions. Thus, 

[ tha south-east and sonth-wcst corucn of Aui^tralia have nearly thii 

) physical conditions, and are uniled by contianons lanil, 

I yet they are inhabited by a vast number of distinct mamm^ln, 

I birds, aud plants; M it is, accorillng to Mr. Bates, with the buller- 

[ fliea and other BDimals inhabiting the great, open, and continufiis 

valley o[ the Amo/ont. 

The aame principle which governs tho graeml cbaraclcr of the 

inhabitants of oceanic istaadK, namely, the lelation to the source 

whence colonisiB could have been most easily derived, together with 

tbcir tulxKqncnt mollification, is of tbe widest application IbrDugh- 

L out nature. We sea this on every mountain-summit, in every lake 

I V0& marsh. For Alpine spocies, excepting in as Cir as the tame 

Icperica have become widely spread during the Glacial epoch, oie 

I tflaled to those of tho surrounding lowbnds ; thus wo have in 

r l^ltb America, Alpine humming-birds, Alpine rodents, Alpino 

I plants, &c., all strictly belonging lo American forms; and it it 

; obvious that a mountain, as it become slowly upheaved, would b« 

coIonisoJ from the surrounding lowlando. to it is with the inha< 

bitantx of takes and marshes, excepting in so for n» gtrat facility 

of transport bos allowed tho aanio forms to prevail (hrougHotit 

klacso portions of tbe worliL Wd bco this same principle in the 
tb4nctcr of most of tho blind animals inhabiting the caves <if 
Anwrta and of Europe. Other analogous facie could be givoiu 
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It will, I bciiovo, Im fonnd univoreally troe, that whersTer in two 
Kgiona, let Ihi'm be ever w) distant, many closclj oilied or repce- 
■entHtive spocies occur, there niU likewise be foimd some identicd 
Bpecioe; and wiierover many cloaely-allled Bpcciei occor, tbeia will 
Iw roimd many formi nliich some natimlifits rank as dUttioct 
Bpocios, aad othcm ns mere varieties ; these dovljirul forms afaowiDg 
III the stopi in the process of modification. 

The relation between the power and extent of migrstion in 
certain Epecina, eitber at the prcteDt or at some former period, and 
the Dxistetica at remote points of the world of cloEely-allicd tpecico, 
is shown in another and more general way. Ur. Oonld rem&iked 
to mo long ago, that in those genera oC birds which range over tb« 
world, many of the species have Tery wide ranges, I can hardly 
doubt that this rule is goncraUy troe, thoogh diiEcult of proof. 
Amongat mammals, wo see it strikingly diiplayed in Bats, and 
in a lusMT degree in the Felidos and Canidse. We see the same 
rule in the distribution of butterQIes and beetles. Bo it is with 
most of the inhabitants of fresh water, for many of the genera 
in tho most distinct classes range over the world, and EBBoy of the 
species liavo cnonnous ranges. It is not meant that all, but that 
«omo of the species have very ivide rangca in the genera wfaicli 
rnngo very widely. Nor is it mount that the species in Rich 
genera have on aa average a very wide range; for this will 
liirgely depend dq how fnr the process of modification has gaaa; 
lor instance, two varieties of the same species inhabit America 
and Europe, and thus the species has an immenee range ; bat, if 
variation were to be carried a little further, the two varieties would 
bo ranked as distinct species, and their ninge would be greatl* 
reduoed. titill less is it meant, that species which have '*" 
capacity of crossing barriers and ranging widely, a 
of certain powerfully-winged birds, will necessarily 
for we should never forget that to range widely implies not only 
the power of cresaing barriers, but the more important power of 
being victorious in distant lands in the slraggle for life with 
lorclgn associates. But according to the view that all the species 
of a genus, though dibtribuled to the most remote points of the 
world, are descended from a single progenitor, wo ought to find, 
and 1 believe as a general tide we do find, that some at least of 
the species range very widely. 

We should bear in mind that many gcncm in all classes are of 
ancient origin, and the species Jn this oose will have hod ample 
time for dispersal and subGeqncnt modification, llicro is also 
leason to believe from geological evidence, that within each grekt. 






LCiui'. siJi. hUmds to thosi ef the Mainland. 359 

Iktowcr organisms cbanga at a slower rsle than tlie higher ; 
itlf tbcy irill have had a better chance of nngia^ widoiy 
f Kill retaining the sama epociSo character. This fact, 
together vilb that of the seeds and e^gs of moxt lowly organised 
fonni being very minute and belter litied fur distant transpoital, 
probahir accounts for a latr which has long been observed, and 
which has lately been discussed by Alph. de CendoSlo in regard to 
plants, namely, tlmt the luM'cr ony group of orgacisms stands, the 
more widely it ranges. 

The relations just discussed, — namely, lower oi^M'snifl ranging 
more widely than the higher, — somo of the species of widely- 
ranging genera tbcmsclTcs ranging widely, — such facts, as alpine, 
lACustrinc, and marsh productions being generally related to those 
which live on the surrounding low lands and dry lands, — the 
■triking lelalionship between the inhabilants of islands and those 
of the nearest mainland—the still closer relationship of the distinct 
inhabitanta of the islands In the same archipelago — aro iuesplicnble 
«D the ordiniury riew of the indepeodeDt creation of each species, 
bat aro explicable if we admit colonisation from the nearest or 
rMdiest sodicb, together with tho subsequent adaptation of the 
coluoUts to their utw homes. 

h Summary oftht laal and pratnt Cliaptcri. 

lu these chapters I hare ondcavonrcd to show, that if wo make 
IN allowance for our ignorance of the full effects of changes of 
limato and of the level of the land, which have certainly occnrnd 
within the recent period, and of other changes which have probably 
occurred, — if we remember how ignorant we are with respect to the 
many curious means of occasional transport, — if we bear in mind, 
s a very important consideration, how ofien a apociea 
fenay have ranged continuously over a wide area, and then have 
in the intermodiala tiacts, — the difficulty Is not 
mperabie in believing that all the iudividuab of the mne 
, wherever found, are descendiid from common porcnls. 
And wa are led to this cooclusioD, which bos been arrived at by 
many naturalists under the designation of single conlns of creation, 
by various general conudcrations, moro especially from the impori- 
^_ anca of barriers of all kinds, ami frou the analogical dtstribution of 
^KMb-SGnara, genera, and ramiliea, 

^H with rospect to distinct species belonging to the tame genus, 
^H^rktok on onr theory have spread from cue parent-source : if we 
^^■uka tho tamo allowances as befure fiir onr ignorance, and re> 
^^■Dnnbcr that sumo I'unn* of life have vhangetl very clowly. 
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enonnoni fwrioili of time likring been Ihtia £nuit«d Cor their 
migraiioii, the difficnlties an far from insuperable; thoa^ in 
thii case, u in tliat of tho iodiTidiiAla of the hloib «pecio(, tber 
an o^D great. 

Aa exemplifying the eOects of cUmatal cban<;e3 nu distribtiliin;, 
I have attempted to ahov bc>« importaot a pact tjie but Glsciai 
9 played, which aflected even the eqimtorial regiom, 
•nd nhich, dnriag the allentalioni of the cold ia the north and 
aoeth, allowed the pcx>ductians of oppotite hemisphere to mingle, 
and left some of them itrandcd oa the moan tain-mmm its in all 
puts of the world. h% ahowing how diretsified are the tneans 
of cccaEiooal trnntport, I have dinutsed at eome httle length the 
means of diipenal of freeh-waltf ptodnctjona. 

If tba difficultiea be not invnperable in admitting that In tte 
long coarse of time all the mdiTiduala of the lame apcciea, mbI 
likowiae of tho several Bpeciee belonpog to the tame genns, have 
proceeded front some one sonnre; then all the grand loading factd 
of geographical distribution are eiplicabte oa the theory of 
migntioo, together with suhBequcat modification and tho multipli- 
cation of new forms. We can thus ondoreland the high importaoce 
of harriers, whether of land or water, in not on! j sepanting, but In 
apparenllj forming tho several soological and botanical provincesi. 
Wo can thus understand the concentration of related species within 
the same ac<<aB; and how it is that ocder different latitadea, fvr 
instance in South America, the inhabitants of the plains anil 
mountaina, of the forests, marshes, and deserts, are Unlced together 
in so mystenoos a manner, and are likewise linked to the extinct 
being! which formerly inhabited the same continent. Searing iq 
mind that tho mutoal relation of organism to organism is of tue 
LighesC importance, we can ace wbj two areas having nearly trie 
aame pbyncal conditions should often be inhabited by very different 
forms of life ; for according to the length of time which has elapsed 
»nce the colonists entered one of the regions, or both ; according 
to tho nature of the communication which allowed certain fonus 
aud not others to enter, either in greater or leaser numbers ; scconJ- 
ing or not, as those which catered happened to come into more or 
less direct competition with each other and with the aboriginoe ; 
and according t& the immigrants were capable of varying mora or 
less rapidly, there would ensue In the two or more regions, indo- 
pundeotly of their physical conditions, infinitely diversified con- 
ditions of life, — there would be an almost endless amount of orgaoib 
action and reaction, — aud we ahould find some groups of beluga 
greatly, and some only slightly modi()c<i, — some developed in gt^i^^H 
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iotK^ somg ciiiiing in aca&tjr Dambcra — snd this we do God in 
the sereral great g(N^;niphical provlncos of the world. 

On iheso samo principles wo can undcivtaiid, as I haYO ondea- 
vonrcd to show, whj' oceanic Uiands should huvo lavr ichabibmts, 
bat that of thcao, a huge proportion should bo eudomic or peculiar ; 
and why, in relation to the means of migration, one group of beings 
■hould hBTC all its spccici peculiar, and another group, even within 
the uuae class, ahould have ali its species the same with those in 
an adjoining quarter of the world. We can see why whole grou[>s 
of organisms, as baUncbians and tcrrcstiial mammaJa, should bo 
nbscat from oceanic iskods, nhiUt the moat iaolated islands should 
posscBB their own peculiar species of aerial mammak or bato. Wo 
can tee why, in islands, there should be soma relation between tbo 
Iiresenco of mammals, in a more or leas modified condition, and 
the depth of the sea between such islanda and the mainland. ^V'e 
can clearly see why all tbo inhabitants of an archipelago, though 
ipociQcally distinct on the several islets, abonld be closely related 
to each other 1 and should likewise be related, but leas closely, to 
tboM of the nearest cootinent, or other source whence imtnigrants 
might have been derived. W'o can see why, if there exist Tery 
cloaely allied or representative specins in two areas, however distant 
from each other, some ideuiical species will almost always there bo 

As the late Edward Forbes often innstud, there is a striking 
I pBrailelism in the laws of life lbiuu(;hDut time and space ; the lawu 
r^voniiiig the succoasion of forms in post times being nearly the 
trMiae with those governing at tho [ircscnt time the differiBnces il 
(•differtnt areas. We see this in many Jiicts. The endurance of each 
•» and group of species is continuous in time ; for the ai^porent 

the rule are so few, that they may fairly be attribuletl 
lo our not having as yet discovered in an intermodiate deposit cortniii 
lurms which are absent in it, but which occur both above and 
bdow : so in space, it certainly is the genoral rule that the area in- 
Juhited by a xingle apecics, or by a group of species, is conttnuouri, 

nsnd the exceptions, which are not tare, may, as I have attempted 

Bio ihow, be accounted for by fbnncr migrations under difletent cir- 

r through occasional means of transport, or by tho 

I having become eitinct in the intermediate tracU. Both 

n tima and space, species and groups of species have their points 

1 devdiopmcnt, Groops of species, livmg during tito 
■ period of time, or living within the aame area, are often 

anted by trifling foaturea in common, as of (cnlptun or 
In looking to tho long inrcesslon of pnat ages, as in 
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lookiiig to diitaat proiioccs throughout the vorlii, wo find UhiH 
species in certain claEsos diiTcr little Irom each other, whilst thiwe 
ia aoother class, or only in a diffcrcBt section of tha Bame order, 
dilTer greatlf from each other. In both time and space the lonty 
□rgnQiaed memt«ra of each class generally change less than tlic 
highly orgaoiacd ; but there are in both cases marked eiceptioaa 
to the rule. According to our theory, these several relatkiiis 
throughout time and space are intelligible ; for whether we look to 
the allied forms of life which hare changed during sacceauT* ages, 
or to those which have changed after having migrated Into distant 
qviarters, in both eases they aro connected by the sama bond of 
ordinary generation ; in both cases the laws of variation have been 
the same, and modifications have beea accumulated by th« s 
tneang of natural Bclcction. 
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CHAPTER XIV. 



I Cl-iBiriCATioa, groupi ■abordinat* to pvups — Ii'nlural ijttini — RdIh 
jtuJ dilEcDllic* in cUuilicatioii, eiplniaed on tht theory arilaicent wllh 
mod illation — Clauilicatlan af vnrietim — Descent nluBji und in 
cluiifiation — Amduglcal or ndnptiTe chariclan — ASnitlct, Kencral, 
oonf>t«T, Kad radiBling — EiIiacIJErn lejnratei and defines groups — 
UoBTuOLoar, bcttrna memlitn of th* uma gIm^ belwna pnrti of 
the Bune indiTiduil — CuimTOLOGr, Ian of, cipUlntd by mrintiaDi 
not (UpfrTeDing it an early tgt, nnd being iohcritcd at n comtpaodist; 
■go — BCDOUinTARr OBiSA^ai their origin ciploiaed — Sumiunry. 

J Pbom tbe most rcmato period in the history of tliu world organic 
■ Itoing) b&T« been found to rcsoinble each other in descending do- 
1, 10 that tbcj can bo claaacd in groups under gninps. Thin 
■cbMifieation is not ubitniry like thi» grouping oF tbe eUrs in 
■ccmttclUtioiiB. llie oxistcnco of groujis would hnve been of simpla 
f rignifictncc, if one group had bean cKclusively fitted to inhabit Uie 
F bind, and aootbcr the water ; one to feed on flesh, another on vegi^ 
[ tabl« ntott^r, and «o on ; but the case ta widely different, tai it ia 
I itritnrioui how commonly members of even the tame sub-group have 
I' diOeront batata. In the Kcond and fourth chapten, on Tsriation 
I and on Natural Selection, 1 bavo attempted toshowtiiat within fach 
I. Tountry It is tbe widely ranging, tbo mnch diffused and common, 
1 that i« the domimint apocica, belonging to the larger genera in each 
F'Clvn, which vary moat. Tbo vnrietica, or incipient apccies, tliu« 
1 produced, ultimately become conTcrl«d into new and distinct 
I •pcvies ; and tbene, on the principle of inheritance, tend to produce 
otb«T new and dominant species. Consequently tba groups which 
art now large, and which generally include niany dominant spocies, 
t«nd to go on increasing In BiM. 1 further attempted to show that 
frun Om varying d«sc«nd»nts of each species ttybg to occnp; as 

ts different places as poMible in the ocunumy of nature, 
itly tend to diverge in character. This tatter concludca 
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Is lupported byobarrriug Ilie grot diversity of fannswliich, in Kay 
inuLl area, corao into tbo clotsosl rumpctition, and by oertoin &cta 
in naturaiiMtion. 

1 attempted aUo to show thai there is a steady t' 
films which arc increasicg in number and divergiDg in 
to BUpploDt and exterminate the preceding, le«s divergent and leas 
improved formfu I request the reader to torti tn tho diapua 
illuattating the action, as formerly explained, of tbcae ■aveisl 
principles ; and he will see that the inevitable result is, that tlie 
modi&ed descendants proceeding from one progenitor become broken 
op into groups subordinate to groups. In the diagram each lett«r 
on Iho uppermost line may represent a genus including aevetal 
ppecies; and the whole of the genera along this upper line form 
together one class, fur all are descended from one ancient parent 
and, consequently, hare inherited something in common. But the 
three genera on the left hand bavo, on this same fffincifJe, much in 
^1 common, and form a Bub-family, distinct from that oontainiog the 

^B next two genera on the right hand, which diverged from a common 

^H parent at tbo fifth stage of descent. These five genera have also 

^^1 much in common, though less thsn when grouped in sub-families ; 

^H and they form a family distinct from that containing the three 

^H genera still farther to the right band, which divci^ed al an earlier 

^^1 jieriod. And all these genera, descended from (A), form an order 

^H distinct from the genera descended from (1). So that we here have 

^H many species descended from a single progenitor grouped into 

^H genera ; and the genera into suh-families, families, and ordcrt, all 

^H under one great class, 'llio grand fact of the natural subordination 

^H of organic beings in groups under groups which, from its fiunili- 

^H arily, docs nut always suBiciently strike us, is in my judgment thtu 

^H oiplaincd. Ko doubt organic beings, like all other objects, can be 

^H classed in many ways, citbcrartiSciaiiy by singla ohaiacten or more 

^H naturally by a number of characters. We know, for instance, that 

^H minerals and the elemental substances can be thus arranged. 1 a 

^H this caso there is of course no relation to genealogical snccesslon, 

^H and no causo can at ])ce3ent be assigned for their falling into 

^^1 groups. But with argaaio beings the case is diSerent, and the 

^H view above given accords with their natural arrangement in group 

^^^ under group \ and no oilier explanation has ever been attempted. 

^^H Naturalists, as we have seen, try to arrange the specica, genem, 

^^B and IkmiUeg in each class, on what is called the Natural System. 

^H But what is meant by this system? Some authors look at it merely 

^H ns a scheme fur arranging together those living objects which are 

^^B 11109 1 alike, and for separating those which ara mnst unlike; or u 
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an BrtiGoiil mctliixl uf eounciating, a.% lirii-Dy as po&sibic, general 
imipocitlona,— that is, by oqs sentence to give the cbaractere 
(DinraoD, for inslancc, to all manimali, by another those commoa 
to all cantivora, by another those common to the dog-gentu, uid 
then, by adding a lingie Bentcnco, a full descriptioa ia given of eucli 
kind of dog. The iugcnaily and utility of this system are indispu- 
■able. But Toany naturotista thick that KTaothing more is meant 
by the Nataral Syitcm ; they believe that it reveals the plan of the 
Creator ; but unless it be specified whether order in time or spaco, 
or both, or what else ia meant by the plan of the Creator, it seems 
to me that nothing is thus added to our knowledge. EipreMions 
mch ■• that &mous one by Linninua, which we often meet with in 
a mora or less concealed form, namely, that the characters do n^t 
make the genus, bat that the genus gives the characters, seem to 
imply that some deeper bond is included in our classifications than 
mere rosemblaDce. I believe that this is the case, and that commu- 
nity of descent— the one known cause of cloBO similarity in organic 
being» — is the bond, which though observed by various di^rees of 
modiBcalion, is partially revealed to us by our classifications. 

Let us now consider the rules followed ia classification, and tha 
difBcullies which ar« encountered on tha view that chtssifi cation 
cither gives some unknown plan of creation, or is simply a scheme 
fat enunciating general propositioiu and of placing together the 
furms OMt like each other. It might have been thought (and nat 
in ancient tiroes thought) that those parta of the ■tructure which 
deUrmined the habits of Ufc, and the general place of each being 
In the economy of natnre, would be of very high importance in 
elaasification. Nothing can be more false. No one regards the 
external similarity of a mouse to a shrew, of a dugong to a whale, 
(if a whale to a fish, as of any importance. These rosembknccs, 
though so intimately connected with the whole life of the bein^, 
are ranked as merely " adaptive or analogical characters ; " but to 
the ccinBidetation of these resemblances we shall recur. It may 
n b« given as a goneml rule, that the less any part of the oi^nn- 
jon is concerned with special habila, the mora important it 
omca (or classification. As an instance : Owen, in speaking of 
the dugong, says, " The e""^"*'*'* '>f?>'ns, being those which are 
It nmotely related to the habits and food of an animal, 1 have 
■iw*ya ngatded as affording very clear Indications of its true afEni- 
tlM. Wa BTO least likely in the modifications of thcso organ* to 

ta menty adaptive tor an essential character." With plante 
aaAabla it Is that the organs of vegetation, on which their 
D nnil life dc^iond, nro of little ugnlficatlon ; whcrras Ibe 
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organs of ropioduction, villi their product tkc seed and embrro, am 
of {mramounC impottmca ! tSo agnin in formerly dUciusiog t^rtaia 
niori'bologicai characters which nre not runcCioiiallj impoTtantr <» 
have *een that thcj arc ol^a of the highest senice va classificUion. 
'I'his depends dq their constancy throughout many allied gronps; 
and tuET constADcy chiefly ilcjicnds on any slight detiations not 
bnTlng be«n preserved and accumulated by natural selection, whkll 
acts only on Eerriceablo cliarecterB. 

That the meie physiological importaoce of an oi^n does not 
determine its classificatory value, is almost proved by the £aet, that 
in allied groups, in which the same organ, as we have every 
to suppose, has nearly the samQ physiological value, its classificatorT- 
value is widely different. No naturalist can have worked long at 
any group without being struck with this fact; and it has bcrtt 
fully acknowledged la the writings of almost every author. It 
will suffice to quote the highest authority, Kobort Drown, who, 
in speaking of certain organs in the Froteaae, says their generic 
importanco, " like that of all their ports, not only in this, bat, as I 
apprehend, in every natural fomily, is very imeqnal, and in sonifl 
cases seems to be entirely lost." Again, in another wort he uyi 
ihe genera of the Connaracen "dilfer in having one or mors 
uTorio, in the existence or absence of albumen, in the imbricate or 
valvuUr pstivalion. Any oue of these characters singly is fre- 
quently of more than generic importance, though hero even when 
all taken together they appear insufficient to sepitrato Coestis from 
ConoaruN," To give an example amongst insects : in one great di- 
vision of tliallymenoptera, the anti^nnfe, as Westwood has remarbcd, 
are motit constant in structure ; in another division they differ much, 
and the diffvrrnces are of quite anbordioate valtie in classification ; 
yet DO one will say tliat the antcnoie in these two divisions of the 
same order are of unequal physiological importance. Any nnmber 
of instances could bo given of the varying importance for classi- 
fication of tliO same important organ withiti the same group of 

Agnin, no one will say that rudimentary or atrophied organs aro 
of high pbysiotogical or vital itnporlanco ; yet, undoubtedly, orgnns 
in this condition ore often of much value in clnsaiScation. No oca 
will dispute that the radimentary teeth in the upper jaws of young 
ruminants, and certain rudimentary bones of tho 1^, are highly 
wrviceuble in exhibiting the close afSnity between ruminaDts and 
pachyderms. Kobert Brown has Blro~..gly insisted on the fact that 
the position of the rudimontaty florets is of the highest importaoca 
in tha cUssiRcUion of the grasses. 



I 
\ 



Classification. 367 



\ 



1 could be given o[ chankclcn deiircd trora 
parts which lonst be conaidereil of very trifling physiological import- 
ance, but which are uuivcmally aJmiMcd as highly serviceable in 
tiio definition of whole groups. For instance, wLcthcr or not there 
it an open passage frora the nostriU to iho mouth, the only charac- 
ter, according to Oweo, which absolutely distinguishes fishes and 
reptile* — tho inficctioo of the angle of the lower jaw in Matsujriais 
' 1 which the wings of insect* are folded — niere 
colour in cert^n Algie — mere pubescence on jiarts of tho flower ic 
jassea — the nature of tho dennal covering, as hair or fealhera, 
a tlio Vertcbrata. If the Otnithorhynchua had been covered with 
I fvntliers instead of hair, this external and trifiing character wnutil 
liHve been considered by natuialists as an important aid in deter- 
mining tho degree of affinity of this Etiaui;e crratnre to birdsL 
The importance, for classificxtion, of triStng characters, mainly 
Kdependa on their being correlated with many other characters i,( 
a or less inportsnce. 1'he value indeed of an a^regate of 
Fehoraeters is very evident ia natural history. Hence, as has often 
bean remarked, a species may depart from its allies in several 
characiera, both of high physiological importance, and of almost 
nuivenal prevalence, and yet leave us in no doubt where it should 
be ranked. Ucncp, also, it has been found that a classification 
founded on any single cliaracter, however important that mny be, 
has always failed ; fur no part of tho organisation is invariably 
constant. Tho importance of an aggregate of chumcters, even when 

Ig important, alone explains tho aphorism cnimcialed by 
I^cmmis, namely, ibat the charactcra do not give tiie gonna, biit 
the gcnns gives the ohaiactcrs; for this seems fonndtd on the 
^iprecsation of many trifling poinU of resemblance, too slight to be 
defined. Certain ]ilanls, belonging to the Ualpighiaceat, bear 
|Mrfcot and degraded Boweia ; in the latter, ss A. do Jussicu has 
ffnntikeil, " the greater number of tho obomctera proper to the 
apedaa, to the gcnas, to the family, to the class, disBppear,and tliua 
langh at our classificBlion." When Aspicarpa produod In France. 
dtiring acreral years, only thrao d<^rad(!d flowers, departing so 
woaderroUy in a numt>er of the most Important points of itnictun) 
tiwa tho proper type of tho onler, yet M, Kiihard sngmionsly saw, 
D observes, thut this genus shoidil (till bo retained amongiil 
lb« Hslpigliiaccw. This ciwu will illusltalca tlio spirit of our 
daMlfleationa. 

I Pnoticallj, when natnreliBts are at work, they do not trouble 

^■.IfceiBMlTM abont tho physiological value of the charsctota which 
^^bthor DM In dellniiig a group or in allocating any particular apeita. 
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If thoy find a charBctsr nearly DDiform, and cotumon to * great 
I Dnmber of fonm , and not common to others, they usa it ns one of 
I high valno ; if common to «omB leaser number, they nso it aa of 
■ nWdinate value. This principio hni been broadly cooTesdcd by 
■ome naturaliBta to be the true one ; and by none mora clearly than 
by that escellsut botanist, Aug. St. UiUire. If sevoml Iriding cha- 
racteri are always found in combination, thongb no apparent baad 
of connection can be discoTcred between them, especial value is set 
on them. Aa in moit groups of animals, ImportAQt organs, «nch as 
those for propelling the blood, or for aeraliog it, or those for pro- 
pagaliag the race, are found nearly uniform, thry are oonsidercd an 
liiglily serviceable in classification; bnt in some groUf« all (h»c. 
tlie •sia& important vital organs, are foand to offer characters of 
quiU Bubordinate value. Thus, as Frill Miiller has lately remarked, 
ia the same group of crustAcenns, Cjpridlna is fumisbcd nrith a 
heart, whilst in two closely allied genera, namely Cj-prii anj 
Cjtherca, there is no such organ ; one species of Cypridioa has well- 
developed branchiv, whilst another species is desLilate of Ihem. 

Wo can see why characters derived from the embryo should be 
of equal importance with those derived from the adult, for n natural 
cbusi&cation of course includes all ngea. But it is by no mcana 
obvious, on the ordinary view, why the structuro of the embryo 
should be more important for this purpose (han that of tbo adutt, 
which alone phiys its foil part in the economy of nature. Yet it 
has been strongly urged by those groat natumlists, Milne Edwards 
and Agassiz, that embryotogical characters are the most important 
of all ; and this doctrine bus very generally been admitted as true. 
Nevertheless, their importance boa sometimes been exaggerated, 
owing to the adaptive charactt'rs of larvtonot liaving been excluded ; 
in order to show this, Fritz Mitller arranged by Ihe aid of anch 
characters alone the great class of crustaceans, and the arrangemeat 
did not prove a natural one. But there can be do doubt that 
embryonic, excluding larv.il characters, aro of the hijlieat value 
for classification, not only with animals but with pUnts. Thus tbe 
main divisions of flowering plants are founded on differences in 
the embryo, — on the number and position of the cotyledons, and on 
the mode of development of the plmnule and radicle. \S'o shall 
immediately see why these characters possess so high a value in 
classification, namely, from the natural system being genealogical 

Our classificatioi 
ties. Nothing car 
common (o all birds \ but with crustaceans, any snch definition ^ 
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bitlicito been found impouible. 'Ilicro nre cniatoccans at the 
I eppoaite ends of tlie series, which hnTO haidlj a chanictor in com- 
mon; Jet Iho species at both ends, (rom being plftinly fiUiad to 
otben, and these U> othcn, and eo onwards, can bo raooguist-d as 
unpqniTocally belonging to tliiB, and to nu other cUibs of llie 
ArticuUtn. 

Geognpbical distribution bus oRen been used, tliongU perhaps 
not qiul« logically, in classificalioR, more especially in very large 
griiu]i( of closely alliod forms. Temminck insifiti on the utility or 
oven Docossity of this practice in certain groups oF birds ; and It hm 
boen followed by ■ercral entomologists and botiinists. 

finallj, with respect to the comparative value of the various 

groapa ot species, such as ordera, snb-ordcrB, families, snb-fnmilies, 

and geneia, they seom to be, at least at present, almost arbitnuy. 

Screnl of tha best botanists, such as Mr. Bentbam and others, 

H atfoogly insisted oa their arbitrary value. Instances could 

bu given amongst plants and insects, of a group lirRt ranked by 

I practised luttiualiats as only a genus, and then raised lo tha rank of 

I a sub-£untLy or ftunily ; and this has boen done, not because fortbor 

I resuaroh baa detected important structural differences, at first over- 

I looked, but because numerous allied species with slightly different 

[ grades of difference, have been subsequently discovered. 

AIL the foregoing rules and aids and difficulties in classification 
may bo(!sphunod,if I do not greatly deceive myself, on the view that 
I the Natural System is founded on descent with modilicatioii; — that 
the eharadera which naturalists consider as ehowing tree affinity 
between any two or more species, are those which have been in- 
lietiled from a common parent, all true claRsiScntion being gcnen- 
logfeal; — that community of descent is the hidden bond which 
natnialista have been unconsciously seeking, and not some unknown 
plan of creation, or the enunciation of general proportions, and the 
more putting t^ether and separating objects more or leas alike. 

But I most explun my meaning more fully. I b«Uove that the 

anangtment of tha groups within each class, in due subordiuatica 

and relatun to each other, must bo strictly genealogical in order 

to be natonl; but that Iho amount of difference ia the several 

btaachaa or groups, though allied in the same degree in bloud lo 

their common progenitor, may differ greatly, being due to the 

It degrees of modification which they have undergone ; and 

Bprcssed by ihs forms being ranked under different genera, 

>, wctiona, or orders. The reader will best undersiand what 

tia meant, if he itilt takf the trouble lo refer to the diagnun in Iho 
fcnrtli cba[iler. Wu wilt suppose the letter* A to L to rejireaent 
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allied gcneiaciisl lug during tho Silurian epoch, and descended from 
Mmo ttill earEcr ronn. In three of these genera (A, K, And I), h 
species has tisnsmitted inodiGed descmdaula lo the present daj, 
ivprcscDtcd by the fifteen genera (a" to t") on the uppenooat 
horiEontal line. Now all thew modified descendants from a single 
spec ics, are relalod in blood or descent in the same degree; they 
may melaphoiically be called coumna to tlie lame millionth degree ; 
yet they differ widely and in different degrees from each other. Th* 
forma descended from A, now broken ap into two or three (amiliea, 
coDstitute a diaiinct order from those descended from 1, also broken 
up inlo two families. Nor can the existing species, descended from. 
A, be ranked in the same genus with the parent A; or thoia 
from I, wiili the parent L Bui the existing genus p" may be enp- 
posod to have been but slightly modiSed ; and it will then rank with 
the parent-genus Fj just as some lew still living organiEmg belong 
to Silnrian genera. So that the comparative value of the diffcrcncea 
bctwccu these organic beings, which are all related la each other in 
the same degree in blood, lias come to bo widely different. Kevci^ 
theless Ihoir genealogical arrangemeni remains slrictly trne, not 
only at Iho present time, but at each sucoeasiTe period of descent. 
All the modified descendants from A will have inherited something 
in common from their common parent, as will at) the dcscendnnta 
from I ; so will it be with each subordinate branch of descendants, 
nt cocli successive stage. If, however, we suppose any descendant of 
A, or of I, to have become so much modified as to have lost all tntccs 
of its ]ianintagr, in this case, its place in the natural system will be 
lost, as seems to have occurred with some few existing organisms, 
Alt the descendants of the genus F, along its whole line of descent, 
are supposed (o bavo been but little modified, and they form a single 
genus. Uut this genus, though much iEwlatcd, will still occupy its 
proper intermediate position. The representation of the groups, 
as here given in the diagram on a flat surface, is much loo aimplc. 
'llio branches ought to have diverged in all directions. It the 
names of the groups had bfcn simply written down in % linear 
serica, the representation would have been still less natural ; and it 
is notoriously not possible to represent in a eorios, ou a tiat snrlace, 
the afhnitios which we discover in nature amon^t the beings of the 
aame grouji. Thu.i, the natural system is genealogical in ita 
nrrangemeut.like a pedigree : but tlie amount of modification wLieli 
the different groups have undci^one has to l» ciprcsited by ranking 
lliem under different so-called genera, sub-familtos, families, sectiona, 
irders, and chksses. 
It may be worth while to ilttulmle this ricw of classification, b| 



pixr. XIV. 



Classijication. 



37' 



a perfect p 



IftTcins Iho case of languages. K wc 

ninnkiud, k gesc&to^cal arrAegcmeDt of the races of maa woul& 
nOuri) tha best dassificattuii of tba varions Inaguagci now fpoh^u 
throughout the world ; and if all extinct languages, uid all iiilcr- 
inttliittfl aud slowlf changing diulvcts, vera to be included, luch nn 
airangEincDl would be the only possiblo one. Yet it miglit be that 
Bonie aacient Isngua^eK hod altered very little and had given rise 
to few new languages, whilst olhm had altered mncb owing to the 
BprcadlDg, isolation, and state of civilisation of the several co- 
deaceodcd races, and had thus given liso to inan^ new dialect! aud 
The varion* decree* of difforenco between tholanguageH 
rtoek, would have to bo eipreased by groups subordinate 
gmupe; but the proper or even the only possible arrangcmHot 
iild EtiU be genealogical ; and thus would bo strictly natural, an 
it would connect tojether all lauguagos, eitinct and recent, by the 
cloeest atHnitics, and would y ve the filiation uud origin of otck 
loDgue. 

In eonlinnation of this view, lot tis glnnce at tho cliisKificatiun of 

varieties, which are known or believed to be dei^cciidcd from a single 

Bpodea. ITiEiio are grouped under the specie^ with the sub-varietiea 

under the varieties; and in some coses, as with the domestic 

pigeon, with several other grades of difference. Nearly the same 

'em arc follou'ed as in classifying species. Authors have insisteil 

the DecDuity of arniD^iug varicliea on a natural instead of an 

iciol systnn ; wo are cautioned, for instance, not to class tn u 

>«wii'ti«s of the plne-appIe together, merely because th«ir frnjt, 

ihoagh the moat important port, happens to bo nearly identical ; 

no one puis the Swedish and commoa turnip together, though tho 

osciUent and thickened stems are so similar. Whatever iiort Is 

fonnd to be most coestant, is osed in classing varieties : thus tho 

great agricultunic Marshall says the boms are very useful for this 

potpOSA with cattle, because they are less variable than iho shn]>o 

or colour i>f the body, &c ; whereas with sheep the horns are much 

tcM Hrvlccable, because less constant. In classing varieties, I ap- 

rJKchmd that if we had a real pedigree, a genealogical clatai&calion 

would be univenalLy preferred ; and it baa been attempted in some 

~ mij^t feet sure, whether there had been more or 

modificftlion, that the prinoipte of inhcrllanco would keep tho 

together which were allied in the greatest number of points. 

tumblot pigeons, thoiijh some of the sulwaricliri differ in the 

Iponaot chamctcr of the Irngth of the beak, yet all am ke|it 

ither from having the cumniun habit of liimbling; hut lh« 

■tosd hrwA hn'i iiearty cr i|iil<e lust this habit: nevcrthclcai, 
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witboat hi; Ihangbt on Ibe sobjed, thcM tnmbicfa ara kept m 
\ht Mine eroap, Iwcausa ftUiod in blood and alike in kom otber 

With ipcde* in a lUte of nahirr, every imtotaliit haa ia ft^ 
broaght Aaceal into liia classification; (or he inclode* in hi* 
lowcBt grade, that of spedes, the two seie* ; and how eaonmnidy 
thcie Bometimsa diOcr in the most important cbancteia, ia kooira 
lo evcrj lutUTftlist: scaicety a single fact can bs {anlicAted in 
common of tho adult males and heiroaphroditea of certain cini- 
pedcs, aod yet no one dceama of leintBting them. Aa eoon aa U>e 
throa Orchidoan forma, Uonachanthns, Hyantbua, and Catawtom, 
tvbicb bad previously been ranked u three distinct geueis, wets 
known to bo Bometimet produced on the same p'uiat, tbey vcm 
immodiatoly conndered an Tarieties; and now I have boon able lo 
■liow that tbcy are the mak, female, and bennapbrodits forma 
cf tbo Bsmo speciei. The nalnralist inclodes ai one epeciea tbe 
various larral stages of the wmo indlTidual, however much they 
may diOer from each other and from the adult, as well as the so- 
called alternate ^nerations of Steeustrnp, which can only in a 
technical sense bo cousidcred as the same individual. He inclndvs 
inonsten and varieties, not from their partial resemblanco to the 
[faront-fonn, but because they are descended from it, 

Aa descent haa universally been used in classing tc^etber tlio 
iudlviduals of tho Mine species, though tho malet and femalca 
and larvae are somctinics extremely different ; and as it baa been 
used in classing Tarietics vhich have nndcrgons a certain, end 
■ometimes a cousiderahlo amount of modification, may not this 
mme element of descent have been unconsciously used in grouping 
tpecies nndcr Reneia, and genera under higher groups, all nndcr 
Ibe so-called natural system? I believe it has been unconsciously 
used ; and thus only can I understand the several rules and guidva 
which have been followed by our beet s3'HteiiiBtiit3. Ai we havo 
110 written pedigrees, wo are forced to tnico coramnniiy of descent 
by retomblaDccs of any kind. Tbercfore we chooro those characters 
which are the least likely to have been modified, in r«ktJon to 'he 
conditioiu of life to which each species has been recently txpoac<I, 
Uudimontary structures on this view are as pxid ok, or even some- 
times better than, other parts sf the orj^anisation. We care not how 
Irifiing a character may be — let it I>s Iha mere inflection of the 
angle of Iha jaw, tho manner in which an insect's wing is folded, 
ivliether the akin bo covered by hat or feathers — if it prevail 
throughout many and different species, eapeoially those hiving very 
different habits of life, it assumes high value ; for we can account 
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Tor iU presLiiee in ko tatnj fortaa vrith sach diOereat habils, only 

by inh«ritiuice from a common parent. We may err in this ivspeot 

in regard to single points of structare, bnt when eovcrnl cbaraclers, 

Itt liiem b« ever so trifling, concur throughout a large group of 

I beitiga haTing diflereot hiibita, ws may feel almtnt sure, on tlie 

f theory of descent, that these characters hftvo been iohariWd from 

cesl«r; and we know that such aggro^ted cbaru:lcni 

liave etpccinl vnluo in classification. 

Wo can nnderEtand why a species or a groiip of spcciiB may 
iepart from its allies, in several of its most I miKirlaiitcharDcl eristics, 
and yet he safely classed with Ihcm. This may he safely done, and 
is often done, as long as a sufBciaot numbcT of charsctera, let them 
Im eror to tmimpartact, betrays the hidden bond of community 
of dcsceat Let two forma have not a single character in com- 
mon, yet, if these extreme forms are connected together by a chain 
of intermediate groups, wo may at once infer their commuoity of 
deseeDt, and ne put ihem all into tho same class. As we 6nd 
orgaoa of high physiological importance — those which serve in 
I prcaerve life under tho most diverse conditions of existencc~are 
L (enerally the most couslant, wo attach especial value to them ; 
I'lmt if these same organs, in aoolhor group or section of a group, 
] found to differ much, wo at once value them less in our 
Ivfaunfimtion. Wo sLnll presently are why ombryological cha- 
e of such liigb class! (Icatory importance. Gcogra[<hical 
V^laUibation may sometimes bo brought usefully into pUy in 
I lar^ pcnen, bccaitao all tho sjN'cics of ihe same genns, 
tuUtiig &ny distinct and isolated rpgiuti, are in all probability 
teeaded from llio eaiiio parents. 

AfiaiogiaH ttetemUanett. — Wo can uniicrsland, on the abo»u 
, the very iinpotlant distinction betiveen rtal affinities 
1 inalogical or ailniitivo rescmblaDccs. Lamarck first called 
ation 10 lids suhjecl, and ho has born ably followed by 
y and others. The ncseroblance in llie shape of the body 
rwd lt> tbe An-lil(o anterior limbs between dngtHi;;! and whales, 
and between Ihaao two orders of mammals and fishes, are ana- 
logical. 80 is the rcKmhlance between a mouse and a shrcw-mouso 
(Smcx), which belong to different orders ; and ths still closer 
rasMnblaooe, iiuisted on by Mr. Hirart, between the mouse and 
ft nnall martcpiat animal (Antechinus) of Australia. These hitter 
TtaemblaDM* may be accounted for, aa it socms to me, by adapla- 
^ lioD iot simihuly actiTe tnovcmcata throtigh ihickcta and herli.'>gi>, 
^^ Iflgether with concealment from eiiemiua. 
^L Amon^t intet'ts ihem arc irinum'tnMo similar iniit"ncas; thos 




Linnteua, misled hj cxt«raat appouiDcei, kctiiallr 
hoinopMrous inKct ua a muih. We sco cometlung of tbe woe 
kind e»eB with our domestic vtriotios, as in the Btnkiii;;l]r simiUr 
ehapo of the boij in tbo improTed lirccds of the Chincaa and 
ronunon pig, which are dcscomled from difltinct Bpccica ; and in 
the simikrty thickened tlena of tho coninioii uid apccilical]? 
distinct Swedish liirni]i. The rasemhlauce between Uio greyhonnd 
and the rocchorsn \s haxdly niure fanciful llinn tlie analo^in 
which have been drawn by Eomo aulhots between widclj* difierciit 
nnitnils. 

On the view uf characters being of reni importnnco fur clnsmS- 
cation, only in bo fnr as they revenl dcMont, wo can clearly uodet- 
sliujd wliy aoalo-^ical or adaptive characlera, although of thu iitmof t 
importance to tlio welfare of the being, aro almost vatnclras to Iho 
ayatematist. For animals, belonging to two most distinct lines of 
deMient, mny l;ave become adapted to umilar condilions, and Ihus 
liave aasum«d a close external resemblance ; but such retemlilaDCfa 
will cot rcTcal — will rather tend to conceal their blood- rclation- 
siiip. Wo nn Ihus aUo andi^rsland the apparent paradox, that 
the very same characicrs aro analogical when one group is com- 
pared with another, but give tnio affinities when Ibe mcmbera of 
the same group are compared together: thus, the shape of tlie 
hody and SQ-lika limbs aro only analogical when whales are com- 
liorcd with fishes, being adaptatii'na in both classes for awimming 
Ibrongh the water; but between the several membris of tlio 
u'hale family, tlio siiapa of ttio body aud the fin-like liinbs offer 
charicten exhibiting true afBnily ; for as lliem pari; 
nearly umilar throaghouC the whole family, ws cannot doobt 
that they have been inherited from a commoti ancestor. So it 
with fiahfls. 

Numerous cases could be given of striking roscmblanoes in qnll 
■(istiucl beinga between eingle parts or organs, which have 
ndaptcd for the same functions. A good iiu-tancc ia afliiided by 
llic closo resemblacco of the jaws of flie dog and Tasmanian woU 
ur Thylaciniia, — atiimala which are widely sundered in tlie omtuial 
rystcm. But this resemblance ia confined to gcoeral appcaranre, 
as in the promiaence of Iho canines, and in the cutting shape 
of tho molar loeth. For the teelh roaliydiffcr much; thusthedog 
has on each aide of Iho npper jaw four pre-mulan and only two 
molars; whilst the Thylacinus has three pre-molats and four molsi 
The molars also differ much ta Iho two auimnls in relative 
and atmcture. The adult dentition is preceded by a widely 
furpot mitk dentition. Any oue may of cour^ deny that thi 
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in oithor ciua liuva been ndnptcd fur tcariog Rnn, throuph the 
natural election of luccvssivo vsriations; bat if fliis lio ndoiitlt^ 
in Uie one oisr, it ib UDbtelligibte to me that \t thould l« denied 
in tho other. 1 am glad to lind tlinC so bi^h itn BUtliority na 
I'rafotsor Flower bis coine to this rame fonulUBioii, 

'J'ho eitroonlinnry esses given in a former chapter, of widely 
diflcront fishes possessing electric organs, — of widely different 
inMcta possessing luminous organs, — and of orcliids and asolcpinds 
having pallea-mMSCS with viscid discs, come under this same head 
of BDalogical resemblances. But these cnsBi are so wonderful tbnt 
they were introdnccd ss difficulties or objections to our theory. 
In all such CBsea some fucdiimental difference in the growth or 
development of the parts, and generally in iheir matured stiucttire, 
can be detected. Tlin end gained is tho same, but the mean;, 
though appearing luporReially to he tho name, oro essentially dif' 
fcraot. The principle fonncrly alluded to under the term of ana- 
logical variation has proiiably in tiicse cascs often come into play; 
is, the members of the eame class, although oaly diBlantly 
allied, have inherited so much io oommon in their constilution, 
that they are apt to vnry under ajmilnr exciting causes in a similnr 
nuuiier; and this would obriously aid in the acquirement through 
Datnral selection of parts or organs, strikingly like each othw, inJc- 
poDilcDtly of their direct inberitauce from a common progenitor. 

As species belonging to distinct classes have often been ndspled 
by successive slight modifications to live under nearly ainiilur 

[ circumstanoeB, — to inbAbit, far instance, tho three elements of land, 
■, and water, — we can perhaps understand how it is that a 

|. nnmericttl paralleliam has sometimes been observed between tho 
■ab-gronpa of distinct classes. A natumlist, struck with a paral- 
lelism of this nature, by arbitrarily raising or sinking tho valuu 

' of tbs groups, in several classes (and all our cipcrience shows tbnt 

I their valuation is as yet arbitrary), could easily eilend the paral- 
n over a wide range ; and thus tlie septcBary, quinary, quater- 

L nary and ternary chissificationa have protwbly arisen. 

There is another and curious doss of coses in which dose extcmnl 

I tOMiablaoc* doe* not depend on adaptation to simiisr habits of lirn. 

I but bw been gained for Iho sake of protection. I allude to Ihe 

I WMtdorful inaoner in which certain bntterfiies imitate, u lint 
dMCrib«d by Mr. Bates, other and quite distinct a|>rcje«, Ihis 
excellent obserrer has shown that in some districts of R. America, 
where, for inatancc, an llhiimia nhouniU In gnudy iwnima, another 

t namely, a UptaliH, is oOi-ii found lulnslfd in tlui tame 
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«liail« nud otripo or colour and oven in Uie sbftpe of its wingi^ tbat 
Mr. Datci, vrith his syoH ibarpened by collecting during eleven 
j'oars, was, tbotigh alvnys on his gnard, cooUnually deoeiYod- 
When Iho mockort and the mocked are c«ught and compared, 
Iliry are found to be very dlffcivnt in CBiential atrnclure, and to 
belong not only to dietinct genera, bat often to dialinct fatnili«*. 
Ilnd tliia miniicrr occurred in only one or to'o instances, it might 
liBve been passed over as a strange coincidence. But, if we proceed 
from a district whore one Leptalis imitates an Ithomin, nDothcr mock- 
ing and mocked species belonging to the wtire two genera, cqnAlljr 
cloH in Ibeir resemblance, may be found. Altogether no leaa tbka 
ten genera ere enumerated, which include spocies that imilMte 
oilier ImlterflieB. The mockers and mocked aln-ajs inhAbit thti 
same region; wo nerer find an imitator living remote from tba 
form which it imitntoe. The mockcra are almost inyariably rare 
iuaects; the mocked in almost every case Abound in swarms. In 
the same district in which a species of Lcptalia closely imitates 
nn Ithomia, there nro sometimes otiict Lcpidoptern mimicking the 
mme Ithomia: so that iu (he eamo place, species of three genera 
nf butterfiiea and even a moth are found all closely resembling 
•X butterfly belonging to a fourth genua. It deserves especial notieo 
timt many of the mimicking forms of tlio I^ptalis, as well as of tho 
iiiimicked forms, can be shown by a graduated series to be merely 
varieties of tbo sdme species ; whilst otbcrs are uudoubtedly distinct 
species. Eut why, it may bo asked, are certmn forms treated as 
the mimicked and others as tho miraickers? Mr. Bates satis- 
factorily answers this question, by showing that tlie form which 
is imitated keeps tho nsuul dress of tho group to which it belongs, 
ivliilst tho counterfeiters hare changed their dress and do not 
resemble their nearest allies. 

We aro next led to inquire what renson can bcassigned for 
certain butterflies and moths so oft^n assuming the dross of another 
.ind quite distinct form ; why, to tho perplexity of naluraliats, lins 
natoro condescended to the tricks of the stage? llr. Bates has. 
no doubt, hit on the true explanation. The mockutl forms, whir.li 
always abotmd in numbers, must habitoally escape destruction to 
a large extent, otherwise they could nut exist in such swarms ; 
and a large amount of eFideuce has now boon collected, showing 
that they are distasteful to birds and other insect-devouring animals. 
1'he mocking forms, on (he other band, that inhabit the same 
dintrict, aro comparatively rare, and belong to rare groups; honco 
they must suDer habitually from some danger, for otherwise, from 
iKc number nf e.^s laid by nil butterflies, they would in three or 



I 



Cii»R X.1V. Anaip^kal Racmbhii. 



377 



fuiu geoenitioDa iwann over Ihe whole couDlTy. Kt>w if a member 
of ooe of Ibeso pcrBccDted ftod laro groups ivcrc to assume & dress 
so like tlut of a wuU-protcctcd apecica that it cODtliiuatlj deceived 
the pracltaed ayes of an entomologist, it nould often dccolve pro 
dnceoUB bird* and insects, and tfatu often oscspe deotnictiuD. Ut. 
Botes may almost be said to have actually witnessed ihe procesa 
by which Ibo mimickera have come to closely to resemble the 
mimicked; for he found that some of the forms of I^ptalis which 
tnimu: so Diacy other batterSies, varied in on extreme degree. In 
one dialrict ceveriLl varietios oocumd, and of these one alone 
icsomblod to a certain extent, the common Itbomia of the same 
district. In another district there were two or three varieties, one 
of which was much commoner than the others, and this closely 
mocked another form of Itbomia. From facts of tliis natnrv, 
Mr. Bales concludes iJint the Leptnlis fust varies; and when a 
variety happens to resemble in some degree any common butlerfly 
inhabiting the same district, this variety, from its ri-sembliiace to 
a flourishing and littlo-pcraccuted kind, has a better chance of 
escaping destruction from prodacoous birds and insects, and is 
consequently oftener preserved, — "the less perfect degrees of rc- 
semblaace being generation after generation eliminntcd, and only 
Ihe otlieia left lo propagate their kind." So tlial hero wo have an 
excellent illustration of nntural seloction. 

ileesra. Wallace and Trimen have likcwiso described several 
ei[Ually stiiking closes of imitation in the Lepidoptcra of the Ualajr 
Archipelago and Afiica, and with some other insecls. Ur. Wallace 
lias also delected one such case with birds, but ire bsro none with 
the larger qunilrupeils. The much greater frequency of imitation 
with insects than with other animals, it probably (hit consequenco 
of Ihi'ir small size; insects cannot defend themsvlvM, excepting 
indeed the kindd furnished with a sting, and I have never heard of 
nu instance of such kinda mocking other insects, though they nro 
mock«di insects cannot easily escape by flight from the Urgcr 
animals which prey on them ; hence they arc retliic«<l, tike most 
wiak creatures, to trickery and diasimulaiion. 

It should bo oincrvod that the process of iinitatioii ptobably never 
commenced bvlweeu Ibrms widely dissimilar in colour, liutitarting 
with spucjea already somewhat like ea«b other, the clueeet rctem- 
hUnce^ if beneGoral. could readily be gained by the nbovo mtmiw ; 
and if Iho imitated form whs subsequently am) gradually modiGcd 
throttgh any agency, the imitatiuj form would be led along the 
^^ Kma uack, and thun be altered tu aliuoat any cxlent, ao Ihat it 



378 



Classijicalioit. 



CnAn XIV. 



tliat of tlio (itlicr monibers of the rami); to which it belongied. 
Tticro is, howeVL-r, «oine difficulty on this bead, for it is necvetaxj 
\n suppose in some coses that ancient ciombcn belonging to sererkl 

distinct groups, before tliey hnd diverged to their present extent, 
flCcidenUilj resembled a menil^r of anotlior nnd protected gronp 
in a sufficient degree to alTord soma alight protection; this haviDg 
^i\'on the basis foe the sulisrqucnt acquisition of the moat perfect 
riKcmbliuice. 

On Uus Kature of the Affinitiu amnrclinff Organie Being*. — Aa 
the modified descendants of dominant species, belonging lo tfaa 
larger geoera, lend to inherit the ail vantages which made the groupa 
to which they belong largo and their parents dominant, they aro 
almost sure to spread widely, and lo soiie on more and more place* 
in the oconomy of nature. The larger and mora dominant groupa 
ivithin each class thus tend to go on increasing in size ; and they 
ctinscqnenlly supplant many smuller and feebler groups. Thus wo 
can account for the fact that alt orgaoisma, recent and extinct, are 
included under a few great orders, and under still fewer classes. As 
showog bow few the higher gronps nro in number, and bow widely 
they nro spread thronghoat the world, the fact is striking that tho 
discovery of Australia has not added an insect belonging to a new 
class i and that in the vegetable kingdom, as I Icam from Dr. Hooker, 
it has added only two or three families of small size. 

In the chapter ou Geological Succcesion I attempted to show, on 
the principle of each group having geneially diverged much in 
character dncing the loug-con tinned process of moilificalion, bow it ' 
19 that the more ancient forms of life often present charBClers in 
some degree intermediate between existiog groups. As some few of 
tbe old and ioteimediate forms have transmitted to the present day 
dcscGodaots but little mcxliGed, these constitnto our so-caltfd 
osculant or aberrant species. Tbe more aberrant any form is, tbe 
greater must be the number of connecting forms which have b?cn 
exterminated and utterly lost. And we have some evidence of 
iiborrant groups having suffere'l severely from extinction, for they 
are almost always represented by extremely few species ; and such 
species aa do occur are generally Tery distinct from each olber, 
nhich again implies extinction. The geuern Omithorhyuchns and 
Lepidosiren, fur example, would not have been less aberMnt had 
each been represented by a doxea species, instead of as at prcacnt 
by a single one, or by two or three. Ws can, 1 think, account for 
this fact only by looking at aberrant groups as forms which have 
been conquered by more successful competitor!!, with n few membm 
siill iireserred under unusually favourable conditions. 
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Hr, Watcrlicnifc has recnarked that, vhcu a member brloDging 
to one group of aniiuals exhibits an affinily to a qQito diEtiact 
^□up, tbiB ofDnity iu most ciucs is gEHcml and not special ; thiu, 
Bcvordiog lo Hr. Waterliouso, oF all liodcots, iho bizcacha is mosL 
nearly related to llarsupiata ; but in the points in which it ap- 
proacbes this order, its relations arc general, that is, not to an; ono 
marsupial species more than to another. As these paints ofaBinity 
•re believed to be real and not merely adaptive, thej must be duo 
In accordance wiih ourvien lo inheritance from n common progeni~ 
Hierefore we mnst suppose either that all Hodents, including 
the biscscha, branched off from some ancient Marsupial, which will 
nBtnrally have been more or less intermediate in character with 
respect to all existing Marsupials ; or that both Itodenta and Marsn- 
jHali branclied off from a common progenitor, and that both groups 
hkve nnca undergone much modificatioD in divergent directiaiffi. 
On either view we mast suppoas that the bizcocha has retained, 
by isboritance,more of the characters of its ancient progenitor than 
Lave olher Bodcnts; and therefore it will not bo specially related 
to any one existing Marsupial, but indirectly to all or nearly all 
Uaranpiali, from having partially retained the character of their 
oommon progenitor,' or of somo early member of the group. Ou the 
elherhand, of all Musupisls, as Mr. Waterhouse has remarkcil, tlio 
rhascolomya resembles most nearly, not any one species, but tho 
general order of Itodents. In this case, however, it may be strongly 
suspected that the msemblanee is only analogical, owing to the 
Phaacolomys having become adapted to habits like those of a 
BodeuL Tho elder De CondoUe has made nearly similar observations 
on the general nature of the affinities of distinct families of plantiu 

On the principle of the muliiptication and gradual diver.-enco iu 
character of tho species descended from a common progenitor, 
together with their retcalion by inheritance of some characters in 
common, we can understand the oicesBivoly complex and radiating 
aGBniliea by which all the membcra of tho samo family or higher 
{;roi]p are connected together. For tho common progenitor of a 
whole family, now broken up byeiiinction into distinct groniwand 
tnb-groops, will have transmitted some of its characters, modiliod 
In vaiions ways and degrees, to all the species ; aiid they will con- 
■Hinontlj bo related to each other by circuitons lines of affinity of 
varioua laogtbs(as may bo seen in the diagrnin so often rcfi'rrcd to), 
mounting up through many predcceasora. As it is diflicnit to thow 
the blood- rclatiousbip between the numeions klndttd of any ancient 
id Doblo faiuily «roD by the aid of a gcneelogicnl trro, and almost 

ipostiUe to do so without this aid, wo can understand tho extra- 
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ordinary difficulty nliicL naturaiists have experienced ii 
williont the aid of & djaiitam, tho various afliniliea which they 
[icrccivo between the miuif living and extinct roembois of tbe sama 
great Ditunl class. 

Ill ti action, as wo bare seen in tbo fourth cbHpter, hns pUyed an 
impoiUnt part in dofioing and n-idening the intervals betneeo tha 
Bcverol gron]ia in each cUst. We may thUB aecotmt for Ibe diatinct- 
ncas of whole classes from each other — for instance, of birds from 
all otber rorlebrato animali — by the belief that ouny ancient forma 
of life haro bceu u([«il; loet, through which the early progeiutora 
of birds were formerly connected with the early progenitoTB of 
the olher and at that time leu diflcrentialcd vertebrate ctassei. 
There has been much less extinction of the forms of Hfewhich onco 
connected Babes with WttachiaDS. Ilero baa been still less within 
some whole classes, for instance tho Creatacea, for hero the most 
wonderfully diverse furma are still linked together by • long and 
only partially broken chain of aflinltlea. Eitinetitm has only 
defined, the groups : it has by nt means made them ; for if cvcrjr 
form which bos ever lived on this earth were suddenly to reiippear, 
though it would be quite impossible to give definitions by which 
each group could be distioguifhed,' still a natural cliuiBillcalioTi, or at 
least a natural arrangement, would be possible. Wo shall see this 
by turning to the diagram; the lettcn, A to L, may roproaent 
eleven Silivrian genera, some of which have produced large gronpa of 
modified descendants, with every link in each branch and siib- 
branch still alive; and the links not greater than those between 
existing varieties. In this case it would be quifi: impossible t«give 
definitions by which the several members of the several groups 
could be disiinguisbod from their more immediate parents and 
descendants. Yet tho arrangement in the diagram would still hold 
good and would he natural; for, on tho principle of inheritance, nil 
the forms descended, for instance, from A, would have something 
in common. In a tree wo can distinguish this or that branch, 
though at tbe actual fork the two unite and blend together. Wo 
could not, OS I have said, dedno the several gronps; but we conld 
pick out typos, or forms, representing most of tbe characters of each 
group, whether large or small, and thus give a general idea of tba 
value of the differences between them. This is what we should be 
driven to, i( we were aver to succeed in collecting all the forms in 
niiy one class which have lived throughout all time and space. 
Aasurodly we sbiU never succeed in making so perfect a collec- 
tion : nevertheless, in certain classes, we are tending towards this 
■nd; and Milne Idwords has lately insisted, in an able paper, on 
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Ihc bigh importnnco of Jooking to types, whether or not wo cna 
Fcpnrnie and itcliDe Ihc grciupB to whicli Kuch types btlon;;. 

Finnlly, wo have acca that natural aclection, which follows from 
the itniggls for existence, acd wbiuh almost inevitably leads to 
exlioctlon and divergence of character in the doKccndants from any 
one pnrcnt-specics, cspliuns that great and muversal feature ia 
llio affinities of all organic beings, namely, their luhordination 
in groqp under f^oup. We use the clement of descent iu 
claMing tha iudiTiduals of botb sesca and of all ages under one 
spccici, although they may have but few characters in common; 
we uaa descent in classing acknowledged Tarietice, however di^emut 
they coay be from their parents; and I believe ttiat this element of 
descent is the hiddcu bond of connexion which natundists have 
■ought under the term of the Notnml System. On this iilea of tlio 
naCuml tyttem bung, in so br as it has been |)erfected, genralogital 
in its anangemcnt, with the grades of differunce cxproasid by the 
terms genera, Jitmiliesi, orders, Ac, we can understand the ntlea 
which we 010 compelled to follow iu our cJAEsili cation. Wo can 
nndeivtand why we value certain rescmblancra far more than 
others; why wo use rudimentary and useless on^ns, or others of 
triBing phyiiologicai importance ; why, in finding tlie relations 
between one group and another, wo summarily reject snalofienl or 
adaptive character?, and yet use these larae characters within the 
liniita of the same group. We can clearly see how it is th.it ell 
living and eitiuct forms can he grouped together within a few great 
classes ; and how (be several members of each class are connectid 
together by the raost complex and radiating lines of affinities. Wo 
shall never, inubably, diseutan^la the inextricabie web of the 
aSnitic* between the members of any one class ; but when we have 
• dislinot object in view, and do not look to some unknown plan of 
CTMtioD, we may hope to make sure but itow progress. 

Froftssor llltckel in his 'Oenerclla Horjihoiogio* and in other 
works, has recently brou^it his great knowledge and abilities t« bear 
on what he calls pbylogeby, oc the tines of descent of all organic 
beln^ In drawing up the several aeries he trusts chiefly lo 
•mhryological cliaractem, but receives aid IVom homologous and 
rudimentary organs, as welt as from the successive ]>criods at which 
the various Ibrms of life are believed to have first appeared in oor 
eeob;;icBl formations. He lias thus boldly made a great beglnnlDg, 
and shows us huw classification it'ill in the future be treated 
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We Lave Been that Iho inembera of tbc same class, iudEpcDdcDtly 
of tlicir kabits of lifo, rtscmblo each ctlicr in the gcnoml plan ol 
Iheir organisation. This rcscmbbaca is often expressed bf ths 
tcrni"uaityof typo; "or by saying that tho several ports and orgnia 
in the diOerent species of the class aro homologous. The whalo 
eubjoct is included ludar the gcuoral term of Horpholo^, This ia 
one of the most intcceetiug departments of natural history, and may 
almost be said to bo its very eouL What can be more curiotu than 
that the hand of a man, formed for grasping, that of a mole for 
digging, the leg of the horse, the paddle of the porpoise, and tho 
vii^ of the bat, should all be constructed on the same patt^ra, nnd 
shoold include simikr bones, in the aame relative poutioos? How- 
curious it is, to give a subordinate though sinking instance, that 
tho hind-feet of the kangaroo, which are bo well fitted for bounding 
over the open plains, — Lhoee of the climbing, leaf-eating koala, 
equally well titled for grasping the branches of trees, — those of the 
ground-dwell ing, insect or root «atin^, bandicoots, — and those of 
some other Australian mareopials, — sbonldall be constructed on tho 
same eitraordinsry type, namely trith the bones of the second and 
third digits extremely slender and enveloped within the same skin, 
so that thcj appear like a single toe fumished with two claws. 
Notwithstanding this similarity of pattern, it ia obvious that the 
liind feet of these several animals are used for as widely diSerent 
injrpoacs as it is possible to conceive, llie case is rendered all tho 
mom striking by tho American opossums, which follow nearly 
Iho same habits of life as some of their Austntlian relatives, having 
feet constmctol on tho ordinary plan. Professor I'lower, from 
whom these slatcmcnts nra taken, remarks in conclusion: "Wo 
may call this conformity to type, without getting much nearer to 
an explanation of (he phenomenon ; " nnd he then adds " but is it 
not powerfully suggestive of Iruo relationahip, of Inheritanco fi'om a 



Geoffroy St. Hilaire has strongly insisted on the high importance 
of relative position or connexion in homologous parts; they may 
dlOer to almost any extent in form nnd sixe, and yet remain con- 
neeted together in tlie same iuvariable order. We never Bud, lor 
instance, the bones' of the arm and fore-arm, or of the thigh and 
log, transposed. Hence the same names can bo pven to the honio- 
I030US bones in widely different animals. We see the stuns great 
law in the construction of tho mouths of insects : what can be mors 
dilTcront than the immensely long spiral probosuls of a sphinx-motli. 
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the curious filded ono of a bee or bug, and tlio great jawa of n 
liectlo? — yet nil thcsu orRnns, nerving for siich widely different 
purposen, are fonneil by infinitely mimemiis modificntions of an 
upper li|), mandibles, nnd two pairs of mnxill;», 1'ha same Ian 
govFrns the conttmclioa of the nioutlis and limbs of crustaceans. 
So il is with Hie flowers of plaiita. 

Kotbing csu bo mora bojralcss tlinn to attempt to explain this 
ciniilarity of pattern in members of tlio mine clans, by utility or 
by the doctrine of final causes. The bopclesmcBS of the altempt 
boa been cxprcsily adraltlcd by Owen in bis most interesting work 
on llio ' Naturo of I.imba.' On the ordinary riew of the inde- 
. pendent creation of each bcin^, wo can only eny tbat so it \i ; — 
that it has pleased tbo Creator to construct all tbe animals and 
plnnts in each grcnt chtxs on a uniform plan; but this is not a 
udentific explanation. 

Tho cxplaoalion is In a largo extent Bimpio on tbo theory of the 
■election of successive slight modifications, — each modification being 
profitable in sotne way to tbe modified form, but often affecting by 
corralation other pnrls of tho organisation. In changes of this 
Datare, there nill bo Utile or no tendency to aller tbo originnl 
pnttem, or to transpose tbe parts, llie bones of a limb might be 
■horteucd and flattened to any extent, becoming at tbe same time 
enTolop«d in thick membrane, so as to serve as a fin ; or a webbed 
hand might have all its bones, or certain bones, lengthened to any 
extent, with tho membrane connecting them increased, so aa to 
•ervB as a wing ; yet all these modifications would not tend to alter 
tho framework of tho bones or tho relative connexion of the parts. 
If we suppose that an early progenitor— the archetype as it may 
bo eallnl— of all mammals, birds, and reptiles, had its limbs con- 
ttmcted on the existing general pattern, for whatever purpose tliey 
iervcd, we can at once perceive tlio plain signification of the homo- 
togoiu construction of the limbs throughout tbo class. Bo with 
llie mouUia of insects, we hare only to suppose tbat their common 
jUQi^Dltor had an upper lip, mandible^ nnd two pairs of mnsJIlic, 
thae porta being perhaps very simple in form ; and tbea natural 
•elaotion will account for tho infinite diversity in the struetura and 
functions of the moulbs of insects. Nevcrtheleas, it is eonedvablo 
that the general [lattem of an organ might bucoine bo much 
obtonrcd as to bo finally bat. by the reduction and ultimately by 
th* complete abortion of certain parts, by tho fiision of other parts, 
And by tbo doubling or multiplication of oihcn, — Tariatiowi which 
wa know to be within the limiU of irassibility. In the paddles of 
tlw slgintia extinct siu-IizurdH, and in tho mouths of ccrtaiu 
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■iictoriiil cniitaceaus, tbo gimcral pattern socms ibui lo Lavo become 
pajiUll; obscured. 

lh«e is another atd equally curious Lrancli of our •ubjecf ; 
namely, serial liomoli^ies, or Iho comparisoa of the (liferent parts 
or organs in tbo same individual, sad not of the same p*rts or 
orgnos in diffarent menibcrs of tho same class. Moet phfsiola- 
gitts believe that the boucs of the skull are homologooi — tltkt 
is, correspond in number &ud in rebitivo connexion — with tli« 
clcmenlal parts of a corlain number of vertebno. Tho uterior 
and poBtcrior limbs in all th« higher Tert«brai8 classes aw pbutily 
bomologouB. 80 it is with the wonderfully complex jaws and 
legs of crustaceaus. It is laniiliar to almost every one, that in 
a flower the rcUtivo position of the sepcJa, petals, stamens, and 
pistils, ns well as Ihcir intimate structure, are intelligible on the 
view that they consist of mctiunorpboacd leaves, ananged in s 
spiio. In motutrouB plants, we often get direct evidence of Lha 
posiubility of one organ being transformed into another; and we 
can actually sae, during the early or embryonic stages of develop- 
meat in flowers, as will as in crustaceans and many other aniinalB, 
that orgaDB, wliich when mature become extremely different are nt 
first exactly alike. 

How inexplicable are the cases of serial homolo^es on tbv 
ordinary riew of creation! Why ihouid the brain be enclosed 
ill a box composed of such numemns and such extrBordinarili 
shaped pieces of bono, apparently representing vertebra? Aj 
Owen has remarked, tbs bcncQt derived from the yielding of the 
separate pieces in the net of parturition by manunsls, will by no 
locnns explain the same construction in the skulls of l»rds and 
reptiles. Why should similar bones have been created to form 
lha wing and the leg of a bat, used as they are for such totally 
ilifTcrent purposes, namely flying and walking? Why sfaoold ono 
crustacean, which has an extremely complex mouth formed of 
uiony parts, consequently always have fewer legs; or convenely, 
those wi'.b many lega have simpler mouthsT "Why should the 
sepals, petals, stamens, and pistils, in each flower, though fitted 
for such distinct purposes, be alt constructed ou tbo same pattern? 

On the theory of natural selection, we can, to a certain extent, 
answer these questions. We need not here consider how tbe bodies 
of some animals first became divided into a series of s^ments, 
or how they brcama divided into right and left sides, with corro- 
■ponding organs, for such questions are almost beyond investiga- 
tion. It is, however, probable that some serial structures are 
the result of cells miiUiptying by division, entailing tho innltl 
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plicfttion of the parts developed Trom aiich cells. It must suffice for 
our purpose lo bear iu mind tliaC an indcGnito repctitbn of the 
nuns part «r organ a the cammoa cliarBctfiriitfo, aa Owoa had 
nmorkeil, of ail \qv or little specialised fomui ; therefore tlis 
nultnotm progeoilor of the Tertebtsta probablj posimsed many 
.Tertebm) the uaknown progenitor of the Articulate, many Eeg- 
awnt*; and thj) unknown pro^enilor of flowering plants, many 
leave* arranged ia odo or tuoro spires. We have also fonneily 
■ecu that portv many times repeated are eminently liable to vary, 
not only in niunbcr, but in form. Consequently such parts, 
beuij already present, in considaiable numbers, and being highly 
Tariablo, would nattually afiard the materials for adaptation to (ho 
moat different purposes \ yet thej would generally retain, through 
the forco of inheritance, plain traces o( their original or fundaments! 
resemblance. They would retain this reeemblancs all the more, 
ai the variations, vhich afibrded the basis for tljcir subsequent 
modification through natural selection, would tend from the first 
to ba similar; the parts being at aa early stage of growth alike, 
and being subjected to nearly the same conditions. Such parts, 
whether more or less modified, unless their common oiij^n became 
wholly obtonred, would bo serially homologous. 

In the great class of molIuHca, though the parts in distinct 
■ptMie* can be shown to bo homologous, only a few serial homo- 
loeiaSi >uch as the valves of Chitons, can be indicated ; that is, 
«o ar« seldom enabled to say that one part is homologous wltli 
■nother port in the same indlvidtuiL And we can understand thit 
bet 1 Ibc in molluscs, evpn in the lowest members of the claaa, we 
do not find nearly so tauch indefinite repetition of any one part 
n the other great classes of the animal and vegetable 

But morphology is a much more com])Iai tiibject than it at Ent 

k ■ppctn^ as has lately been well shown in a rcmarkablo paper by 

flfr. B. Ray Lanhester, who has drawn an important distinction 

n certain classes of cases which have all been equally rankeil 

I by naturalists as homolo^us. He proposes to call the stmcliircs 

I which resemble each other in distinct animals, owing to tltcir 

\ descent from a common progenitor with aubseiiucut mmlUJCatton, 

^tjmogcBiMi; and the rcsemblaacos which cannot thus be accounted 

for, ho propoacs to call homoplastie. ^or instance, ho believes that 

ifaa hearts of bird* and mammali are at a whole homogenous, — 

that ii^ have been derived front a common progenitor; but that 

tsvilies of tho heart in the two classes ora homoplastic, — 
avo been imlcpendi-ntly developed, tlr. Lankcater also 
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■ddnccs the dose resciublance of tbo patta on the right *ad lelt 
Bidea of the body, and in the succesEive sogmputs o[ the same ind»- 
vidiml Animal ; and bcre ire have parts commooly called homo* 
logons, which bear no relation to the descent of distinct Epecics 
from a commoa progenitor. Homoplastic Etnictiires are tha 
with thosQ which I have cla:iaed, tbotigb in a very imperfect 
roanucr, aa analogous modifications or resemblances. Their forniA- 
tioQ may bo attributed in part to distinct organisms, or to distinct 
]«rts of tlie same orgauiBm, having Taried in an snalogi 
and in part to similar modifications, havitig been prcserred for 
the same general purjxMe or funclion, — of vrbich many 
bars been given. 

NaturaliBts frequently Epeal; of Iho skull aa formrd of 
phoaed vertebno; iho jaws of crabs as mttamorphosed leg»; tbo 
itsmena and pisLils in flowers as mctamorpboscd leaves; but it 
would in most cases bo more cnrrcct, ns Frofussor Huxley hoa 
remarked, Ic speak of both sKuIi and vertebra^ jaws and legs, Scc. 
as having been metamorphoBcd, not one from tho olher, u tboy 
now exist, but from some comuiun and simpler clement. Meet 
iialaralists, however, iisa such lungua^^ only in a metapboricnt 
sense; tliey are far from meaning that during a long course of 
descent, primordial organ^ of any kind^vcrtebno in the one casd 
and logs in tho other — have actually been converted into skulls oi 
jaws. Yet so stroug is the appearonce of Ibis having occnirod, 
ihat naturalists con hardly avoid employing language having tbii 
plain signification. According to the vieirs here maintained, siieb 
language may bo used literally ; and the wonderful fact of tliA 
jaws, for instance, of a crab retaining numerous characters, nhich 
they probably would have retained throuj^h inheritance, if they 
had really been metamorphosed from true though extremely simpl« 
h'gj, is in I' art Expl.ilncd. 

DevclopmeJil and Emhryology 

This is one of the moat important subjects in Oie whole round of 
natural history. The metamorphoses of iosocls, with which every 
one is familiar, are generally ofloctcd abruptly by a few stages; 
but the tmns forma tlons are in reality numerous and gradual, 
thoagh concealed. A certain epbcmerous insect (ChlOcon) during 
its development, moults, as shown by Sir J. Lubbock, abora 
twenty times, and each time undergoes a certain amount of 
change ; and in this cose wo see tlie act of metamorphosis _ 
fonuod in a primary and gradual nvanner. Many insects, and 
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I •■pecially certain cnistaecftns, show us what vrondcrful changes 

l-M Btnictnre can bo oITectcd durins doTolopment. Such changes, 

I Itotvevcr, reach tlicit cUmax in tho M-called aUeniate general inmt 

~ some of tlia lower aDimaU. It ia, for inittaDCO, nn nstonishin^ 

t that a delicate bronchtns coiulline, studded with polypi Bud 

I Utnchod to a submarine roch, aliould produce, first by budding and 

1 (hen by transverso division, a boat of huge floating ]olly-Gshes; 

I and that those should prwliice oggi, from -which are Latched 

1 Bwiroming Buimalcuics, which attach themselves to rocka and 

f becomo dereloped into branching corallines ; and ao on in an 

ndUsa cyde. The belief in the essential identity of the proccaa 

of alternate generation and of oniinary roetatnorphosis haa been 

grcully alrengthened by Wagner's discovery of the larva or nwjgot 

of a fiy, namely the Cecidomyia, producjug asexually other lorvni 

And these others, which finally are developed into mature mates and 

I Isroaloa^ propagating their kind in the ordiuiry manner by eggs. 

It maybe worth notice that when Wagner's remnrkablo discovery 

inu first announced, I was asked how was it [losalbla to account 

for the larv» of this fly having acqnirod tho power of aEe:iual 

leprmluctioD. As long as the case remained unique no answer 

could be given. But already Grimm has shown that another fly, 

I m Chironomua, reproduces itself in nearly the same manner, and \\o 

I believes that this occurs frequently in tho Order, It is the pupa, 
Ud not tho larva, of the Cbironomui which has this power; and 
Orinnu further shows that this cose, to a certain extent, "uDil«s 
that of the Cecidomyia with the parthenogenesis of the Coccidie;" — 
the tena parthenop-nesis implying that the mature femalea of tho 
Coeeida an capnble of producing fertile eg^ without the oon- 
aeorse of the male. Crrtain animals belonging to Bovcral classes 
we now known to hare the power of ordinaiy reproduction at an 
snimally early age ; and we have only to accelerate parlheno- 
genetio reprodnction by gradual steps to an earlier and earlier a^e, 
•— Ghironomus showing U8 an almost exactly intermediate stago, 
*lx., that of the pupa— aud we can perhaps account for the mar- 
velloua cue of tlie Cecidomyia. 

It has already been stated that various parts in the same indi- 
riduol which ate eiaclly alike during an earty embryonte period, 
bwmna wiilely dilTereut and serve foi widely different purpoi«s in 
tba kdult Stat*. So sgaln it has been shown that gcnernlly the 
embrro* of the raont distinct species belonging to the Kttnn class 

tan elOMly aimiUr, but become, when fully developed, widely dls- 
rimltftr. A better proof of this latter fact cannot be given than 
Ik* itaUmcnt by Voa V^t tliat " the embryos of mammalia, of 



" U:^ liunln, and snolicE, probably also of cheloma, Bxe in tbcir 
" earliesl Etntes cicccdingly liko one another, both as a. whole sod 
"id the mode of davclopment o( their ports; co much so, in lacl, 
" that vie can often diBtinguish the embryos oaly bj their aiift 
" In my poiueBabn «ie two littls embryos in qjirit, whoae oasiM 
" 1 have omitted to attach, and at present 1 am quita auBbla to csf 
" to what cloBS they belong. They may be lizards or small tordi, 
"or very young niitmmalia, so conplvta is the Eimilarity in the 
" mode of formation of the hi^ad and trunk in these BaimaU. Ths 
" extremities, however, are bUH absent in these embryoo. But 
" orcQ if they Lad existed in tbo curUc&t etago of theic develop- 
" ment wo should Icain nothing, for the fcvt of liiar^ and mom ' 
" mals, the ivtnfs and feet of birds, no losi than the handa and feet 
" of man, all arise from the same furulamenlal form.' The larra; 
of most crustaceans, at correapoading £lages of development, closely 
Teaemble each other, however dlDereut the adulla nay become; 
and 10 it in with very many other animaU. & trace of the law 
of embryonic resemblance occaaiooally laats till a rather lal« age: 
tkm birds of the same genus, and of allied geneni, often resemble 
each other in their immature plumage; as we see in the spotted 
feathers in tbo young of the thrush group. In the cat tribe, moat 
of the apecics nhen adult are striped or spotted in lines ; and 
■itripea or spots can be plainly distinguished in the whelp of tbo 
lion and tho puma. We occasionally though rarely see something 
of tho same kind in plants ; thus the first leaves of the ulsx or 
furze, and tho firat leaves of the phyllodiDoous acacias, are pinnate 
□r divided like tho ordinary leaves of the legumlnoss;. 

The points of structure, in which the embryos of wideTy diOcrcnt 
animals wilhin the same class resemble each other, often have no 
' direct reblion to their conditions of eiiste^e. We cannot, for 
instance, suppose that in tho embryos of the vertebrala the peculiar 
loop-like courses of the arteries nnar the branchial slits are related 
to similar conditions, — in the young mammal which is nourished irt 
the womb of its mother, in the egg of the bird which is hatched 
in a neat, and in tho spawn of a frog under -water. Wo havo no 
more reason to believe in such a ru'.alion, than we have to believe 
that the aimilur bones in the hand of a man, wing of a bal, and fiu 
of a porpoise, are related to similar conditions of life. Ko one 
supposes tliat the stripes on the whelp of n lion, or tho spots ou 
the. young blackbird, are of any use to these animals. 

The one, however, is diSereot when an aoimal during any part 
of its embryonic career is active, and has to provide for itself. Tko 
period of activity may come on earlier or later in life ; but wlicnever 
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it rouiea on, iLe BdaptatioD of the larva to \\.i conilitions of life is 
juBt as perfect and as beautiful as in tlic addt aujnial. In hov 
iini«r[Miit a manner this lias acted, liax recently been well ahawn 
by Sir J. Lnbbock in bis remarks on Ihn clivse similarity of the 
brvns of lome insects belonging to veiy different orders, and on 
lb« disMinilarity of tbo larvis of otber insects nithin tbe sama 
order, according to their babiti of life. Owing to such adajitationi, 
t)ic Einiilarity of the larvm of allied animals is Eometimes greatly 
nbecured; especially nheu tbere is a divisian of labour during ths 
liiBcrent ata^ of derolopment, as -when tbe same larva bai during 
one aUge to searcli for food, and during anotber ati^ has to isaid) 
f<ir a place of attachment. Cases can even be given of the larvn of 
allied S|ieci^ or gronpi of Bpcciei, differing more from eacli Other 
thnn do tbe adults^ In most cases, however, the larvie, though 
actire, still obey, more or less closely, the law of common embryonic 
resemblance. Cirripedes aSbrd a good instaace of tbis; even tlin 
illustrious Cuvier did not perceive that a barnacle tvos a crtislacean : 
bnt a glancs at tbe larva sbovs this in an unmistakable manner. 
So again the two main divisions of cirripedes, the pedunculated anil 
^•cstile, Ihongh differing widely in external appeamnce^ have larvni 
in all their stages barely diBtiogiiishable. 

The embryo in the coarfo of development generally rises in 
organisation ; I use this expression, though I am aware that it is 
hardly possible to deHne dearly what is meant by the organisation 
being higher or lower. But no one probably will dispute thnt the 
butterfly is higher than the caterpillar. In somo cases, however, 
ths mature animal most be considered as lower in tbe scale thna 
the larvsi, as with certain parasitic crustaceans. To refer once 
again to cinipedes : the larviB in the flrat stage have three pairs uf 
looomotive oi^ana, a ninplo single cyo, and a probosci formed mouth, 
with which they feed largaly, for they increase much in siKO. lu 
the afoond stage, answering lo tba chrysalis sUge of bulUrSies, 
they have six pain of beautifully constructed natatory legs, a pair 
of mngnifieent compound eyes, and extremely complex aotnuuc; 
but they have a closed and imperfect mouth, and cannot feed : 
their function at this sU^e is, to search out by their well-developed 
organs of sense, and to roach by their active powers of twimroing. ,, 

* proper place on which to become attached and to undergo their ^^_ 

final melaniorphoais. When tliia is comploted they ate fixed fur ^^^| 

lifo: their legs are now converted into prsbensile organs; they ^^^| 

,|j agiiik obtain a well-oonstnictoJ mouth ; but they have no antenna!, ^^^^ 

^H and tboir two oyea are now reconverted into ■ tnioute, lamijie^ ^^H 

^K •lmpl« eyo-apot. In thli liut and oonplele stale, cirripedes may ^^H 
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be eonsJered as eitlier more bigily or more lowly orguused tfaa 
tl>cy were in tbe lamd cooditioD. Itcit id Bome graen tb« lam 
bMorae dflveloprd into herampbrodite* liaving tbe ordioaiy vao^ 
tnre, and inlo wbU I have called compleiDeDtal males ; and in tba 
\Al\a the developmeDt has assuredly heea relrogiade, for the male 
is 1 mere sack, ivhich lives (or a thort timo and is destitute at 
moutli, ttomach, and erery other organ of importaiioe, excepting 
tlio«e (or reproduction. 

We are ao much flccnstomed to see a differmce in Btmcttiie bc- 
Itreeu the embryo and the adult, that we are tempteil to look at 
tliia difTerecoe as in some neceuary manner contiogent on gtxiwih. 
Hut there b no renton whj, tor instance, the wing of a bat, or the 
fill of a porpoise, should not have been sketched ont with all their 
[iirtB in i>ropcr proportion, as toon m any part became Tiaible. In 
Mine wbole groups of animata and in certain membera of other 
groups this it tbe ensc, and the embryo dooa not at any period dlfl<T 
widely from tbe adult : thus Owen has remarked in regard to cottl^- 
Ush, "there b no mctamorpbosia ; the ceplialopodic diaiacler is 
manifested long before the parts of the embryo are oomplcled." 
Idad-sbtlla and (reah-water cmslaceflns are bom having their proper 
fonns, wbibt the marine membets of the mme two great claates paaa 
through considerable and often great changes during their develop- 
ment- Spiders, again, btireiy nnder^ any metnmorphosis. The 
larva of most insects pass throiigh a n-orm-like siago, whether tbcy 
nre acllre and adapted to diversified habits, or are inactive from 
Wing placed in the midst of proper natriment or from bring led by 
their jarcnCa; but in some few cases, as in that of Aphis^ if we look 
to the adminibla drawings of the development of this inteot, by 
I'rofesGor Huxley, we see hardly any Irace of tbe vermiform stage. 

i^metimrs it is only the earher developmental stages wbieb Eail. 
Thus Fritz MilUer has made the rcmnrkablc discovery that ecrtaiti 
shrimp-like crusmceaos (allied to Pencens) first appear under tlio 
simple nauplius-rorro, and after pasEing through two or more zoeit- 
itngM, and then through the mysis-stago, finally acquile their 
nmturo structure: now in the whole great raalacostrscan older, to 
which these crustaccaus belong, no other member is as yet known 
to be first developed under the nauplius-form, though many appear 
as zoeon ; nevertheless Miiller assigns reasons for his belief, that if 
there had been no suppression of devcloiimcut, all these cruslaceans 
would have appeared as nauplit. 

Hoir, then, can we explain these several facts in embryology, — 
nan^cly, the very general, though not universal, dtfTerence in stroo- 
lure between tbe embryo and the adult; — the vuioUB parls in (he 
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»irae icdividuai embryo, \>]iich iillimately become tcit Dnlike and 
serve for diverse purpoaw, being at an early period of growlh alike ; 
— liio oommon, but Bot invariable^ rcBemblanca botween the cm- 
biyos or larvra of the most distinct spedcs ia tbe same class; — 
lli« embryo often rclaining whilst within the egg or womb, stnio 
tnroB which are of no aervice to it, cither at lliat or at a later 
period of lite ; on the otlier band larvte, which have to provide for 
their own nants, being perfcclly adapted lo the Burroundins coudi- 
tions; — and lastly the fact of ceruiia larvai standing higher in the 
ecalo of organisatioQ than the mature animal into which they are do- 
vi'loped ? I believe that all these facta can be explained, as follou-«. 
It is cvDunooly asBumod, perhaps from monstcoeitcet oiTcctiag the 
embryo at a very early period, that alight variations or individual 
diQercQces necosaarily appear at an equally early period. We bavt 
little evidence on this head, but what we have certunly points the 
Otlier way ; for it is notorious that breeders of cattle, horses, and 
Tariona fancy animoU, cannot positively tell, tmtil some time after 
birth, what will be tba merits or dctnerili of their young an imsls. 
Wo see this plainly in our own children ; wo cannot toll whether n 
child will bo tall or short, or what ila precise fcatores will be, Tbe 
quoation is not, at what period of life each variation may have been 
caused, but at what period the cITrcta are displayed. Tbo cause 
may lisve acted, and I beUeva often has acted, on one or both 
parent* before the act of genciatioa. It deserves notice that it ia 
of no importancs to a very young animal, aa long as it rcrouns in 
its mother's womb or in the egg, or aa long as it is nourished and 
protected by its parent, whether most of its cbaiacters are acqnlml 
B litlb earlier or later in life. It weuhl not signify, for instance, 
to ft bird which obtained its food by having a modi-cRrTGd beak 
whether or not whiLit yotmg it possessed a beak of this shape, us 
Lng oa it wsE f>d by its patents. 

1 have staled in the first chapter, that at whatever age a variation 
first appears in the parent, it tends lo re-appear at a corrrspondin;- 
a.lfw in the ofTspring. CcTtain variations can only appear at eorrcS' 
pudding Bg*s J for instance, pec nliaritiea in the oatcrplllar, cocoon, 
or imi^o state* of tbo silk-moth : or, again, in the full-grown horns 
I cattl*. But vaiintians, which, for all that wa can se« might 
have fifit appeared cithrr earlier or later in life, likewise t«nd to re- 
■pptor at a corrcsjwnding 05B in tbo offspring and jmrent. I Kn 
far tfoni meaning that this is invariably tbe case, and I oould give 
KTVural exceptional cases of variations (lakinp the wort in t)>« 
largest teiisn) whloh have supervened at an earlier age in the child 
than in Ibe imreiit. 
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Those two principles, namDly, that Bljglit Tarintions geueially 
npiicai' at a not vijry early period of Tifo, and ars lofanlted at a cor- 
respoodiiig not earlj period, ciplain, as 1 believe, ell tlie abore 
EpeciSed leading facta in embryolos?. But Hret let ub look to a few 
analogous cases in our domestic varieties. Some authors who h&vs 
written on Dogs, maintain that the greyhound attd bulldog, though 
so different, are really closely allii^d varieties, descended from th« 
camo will! stock ; lienco I was curious to soe bow far their poppies 
differed from each other ; I was told by breeders that they dtffereil 
jtiet as much ns their parents, and this, judging by the eye, seemed 
almost to be the case; but on actually mcasuriug the old dog* 
and their six-days-old puppioa, I found that the puppies had not 
acquired nearly their full amount uf proportional difference. So, 
a^in, 1 was told that the foals of cart and race-hoiECs — breeds 
which have been almost wholly formed by sclectiou uoder domesti- 
cation — differed as much as the full-grown animals; hut having hail 
careful mcasureraenta nuido of the dnms and of thioe-days-oM 
colts of race and heavy cart-horses, 1 find that this is by no means 
thacase. 

Kz vo have conclusive evidence tliat the breeds of the Pigeon 
aro descended from a singlo wild species, I compared the young 
within twelve hours after being hatched; I carefully nicasored the 
proportions (hut will not hers give the details) of the beak, width 
of mouib, length of nostril and of eyelid, sizo of feet and length of 
leg, in the wild parent-species, in pouters, fantails, runts, horbs, 
dragons, carriers, and tumblers. Sow some of these birds, when 
mature, differ in so extrBordinary a manner in the length and form 
of beak, and in other charnctcis, that they would certfuoly have 
been ranked ns distinct genera If found iu a state of nature. But 
when the nestling birds of these several breeds were placed in a row, 
though moat of them could just bo distinguished, the proportional 
differences in the above spccilied points were incomparably le« than 
in the fuU'grown birds. Some characteristio points of difference — 
for instance, that of the width of mouth — could liaidly bo detected 
in the young. But there was one romarI:abla esception to this rule, 
for the young of the short-faced tumbler differed from the young ot 
the wild nwk-iHgeon and of the other breeds, in almost c^iactly the 
same proportions as in the adult stati-. 

Those facts are explained by the above two principles. Fanciers 
select their dogs, horses, pigmns, tec, for breeding, when neaily 
grown up : they are indiO'erent whether the desired qiudities an 
aciiiiired earlier or later in life, if the full-grown aninul possesses 
tlwm. And tba cases just given, core espocioUy that of tb« 
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pi;;«jnB, »lio\v that the cbaracterislic dilTeronoeB which havo been 
Kccumiilatod hy maa's Eclectioa, and nhich glre raluo 1o hU breeds, 
do not generally appear at a vciy carl^ period of life, and are iohu- 
lited at a correspond in; not early xicriod. But the case of the ehort- 
faced tamblcr, wliich when tivclvo honra old possessed ils propor 
charaotfira, proves that this is not tho iinivoraal rulo; for hare tho 
chnracteristic dillcr^Qccs innst cither hATe appeared at an earlier 
]>rni>l than osunl, or, if uot so, tho difference moat baro bcon in- 
licritcd, not at a corroaponding, but at an earlier age. 

Now let US apply these two principles to species in a Gtate of 
nature. Let ns take a group of birds, descended from some ancient 
Toim and modified through natural selection for different habitsL 
Then, from tho many slight successive varialionB havfnp supervened 
in tlie seTsral spccits at a not early nje, and having been inherited 
At a corrtsponding age, tbo young will have been hot little modi- 
lied, and they mill still resemble each other mncti more closely 
than do tha adnlta,— just aa wo have seen with the breeds of thu 
pigeon. We may extend this view to widely distinct structures and 
1o whole classes. The forc-liinbs, for instance, which ones served 
OS lega to a remote progenitor, may have become, ihnnigh a long 
conr«a of modiGcation, adapted in one descendant to act na bands, 
in another as paddles, in another as wings; but on the aboro 
two principles tho fora-limbs will not have been much modiScd 
in the embryos of these icveml forms ; although in each form 
the fore-limb will differ greatly in tho adult state. Whatever 
influence long-continued me or disuse may havo had in modifying 
the limln 01 other parts of any species, this will chiefly or solely 
have affected it when nearly mature, when it was compelled to 
use its fnti powers to gain its own living ; and tlie effects thus 
produced will have bm^ transmitted to the offspring at a cor- 
twponding nearly mature age, Thua tho young will not bo modi- 

ir will he modified only in a slight dcgivc, through the effects 
of the increasitl use or disuse of parts. 

With some animals the successive variations may havo supervened 
rt a very early period of life, or the steps may havo bei-n inherited 
>t an earlier age than that at which they firat occurred. In either 
I of the«e cases, the young or embryo will closely resemble th« 

ro parent-form, as we have teen with the short-faced tumbler. 
And this ia tho rulo of development in cerlnin whole gronps, i-r 

tain sub-groops alone, as with cuttle-fish, lond-sholls, thish- 

waler cnialaceana, spidem, and some membera ot the great cloM of 

insects. With reepcct to the final cause of tbe young in such 

I groupa not inssing il[ro«s*i any rnelamorphoiis, wo can see that tlils 
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would fcUow from llie following contingenccs; namelyf from tlio 
yoims bftvia;; to provide at a very early age for tbetr uwn wuito, 
nnJ Trom Uicir following the saroc liabiu o( life nitli Ibeir parenta ; 
Tor ill tbia cose, it would be iailispeusable for iheir i?ziateiico that 
thvy sbould be modified in tbo snmo manDGr as their pareot&i 
Agoio, n-itb reaped to tbo aingular fact tbst many terfcstriol and 
fccdii-water animaU do not undergo any metamorphoui, wbilat 
niorlDe membcts of tho sams groups pass througb mrious (laodbr- 
iimliuna, PriC£ Milllcr has auggcstcd lliot the process of alowly 
modifying and adapting so aaimal to live on tbo land or ia riesh 
waler, instead of in tbo sea, would bo greatly aimpliGed by its not 
l>assii^ through any krral stage ; for it is not probable that placea 
WBll adapted for botJi the larval and mature stages, under such new 
and greatly changed habits of life, nould commonly bs found un- 
occupied or ill-occupied by otlioc oigauisms. In this case tho 
gradual acquirement at an earlier aud earlier a^o of the adult 
structure ivould be favoured by natural selection ; and all traces of _ 
funncT mctamorpliDSCs would finally be lost. J 

If, on tlio other hand, it profited tbo young of an animal to follavr I 
habits of life slightly different from those of tbo isirout-ronn, aiMl'^ 
consequently lo bo constructed on a slightly diffurout plan, or if 
it profited a krva already different from its parent to change still 
further, then, on the principle of inhoiilanca at conoaponding ages, 
the young or the larva? might be rendered by natural selection mora 
nnd more dilTercnt from their parents to any concciTablo extent. 
DifierenccB in the larva might, also, become correlated with suoccs- 
fiive stages of its development ; so that tho larvs, in the liist stage, 
mi;^ht come to differ greatly Irora tho larva in the second stag^ u 
is tho case with many animal.i. 'Ilie ailult might also become fitted 
for sites or habits, in which organs of locomotion or of the senws, 
&C., would be useless ; and in tbi« case tho mctauiorphous would La 
retrograde. 

From the remarks jnat made we can see how by changes of atnio- 
titre in the young, in conformity with changed habits of life, to- 
gether with ittboritauce at corresponding ages, animals might oome 
to pass through stagea of development, perfectly distinct from ths 
primordial condition of their adult progenitors. Most of our best 
authorities are now convinced that the various larval and papal 
stages of iosecU have thus boon acquired through adaptation, and 
not through inheritance from some ancient form. The curions case 
of Sitaria — a beetle which passes through certain uniiaual stages of 
development— will illustrate how this might occur, llie first Lirvftl 
form is described by M. Fabn^ m an actiro, minuto insect, fumtaUed 
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wii.li «ii Icgi, two long antenna?, mnii fonr eyes. ThcM lame kra 
liatchcd in tbc cesIb of beea ; and vh«n the tnale-bovs pcnci^ from 
tlioir burrows, in tlie Bpring, which Ihey do befnfe the femaleB, the 
!.irv» spring on them, and nrterwards crawl qu to the rHn»In wbilil 
|«irod with the males. h% «oon as the fmale bee dupositi her 
iv,^ on the surftMM cf the lionry stoivd in the kIIs, the Inrvce of 
the Sitam Iwp on the rggB and deToor tbcm. Afler»-Drds they 
undergo a complete change ; their eyea diiwppi*r; llieir legs and 
antcnnte become ruditnentory, sod they feed on honey ; so that they 
now more cloeely resemble the ordinary larrni of insects ; ultimalety 
Ihey undergo a further trooaronnation, and fionlly emerge u the 
perfect beetle. Kow, if an insect, undergoing Itansformntiong like 
those of the Sllnn's, were to become the progenitor of s whole new 
clasa of insects, tlic course of developineat of the new class would 
bo widely different from that of our oiiBting in»ects ; and the firtl 
brval stage cortninly would not represent Ihe fonnci condition of 
any adult and ancient form. 

On the other hand it is highly probable that with itinny nnimnis 
th« embryonic or larval stages show u»,more or leas completely, the 
condition of the pm^enitor of tho whole group in its adult slate. 
In tha great class of the Crustacea, forms nonderfully dictinct from 
each other, namely, suctorial {'artisitcs, cirripedes, etilomcetnica, and 
even the malocoelnicn, appear at first or Inrrm under tho naupliu*- 
I'lrm ; and us these lairie live and feed in the open sen, and are not 
nilaptcd (or nny prculi:iT hnbils of life, and from other mtaons 
nsstgned by Fritz Miilier, it is probable that nt some very remote 
pnriod on independent adult animal, rcaemhling tlie Nanplius, 
oxistod, aitd subsequently produced, along several divergent lines of 
descent, tbo above-named great Cnistaccnn groups. 80 again it is 
probable, from what we know of tbs embryos of mammals, birds, 
tishes, and reptiles, that these animals are Ihe modified dcscendanta 
of same ancient piogenilor, which was (timlibed in its adnit stale 
with braachis', a iwim-bl adder, four lin-Uko limbs, and a long (ail, 
all fitted for an aquatic life. 

A» all tbe organic beings, csHncI and rcci'nt, which have erei 
lived, can' he arranged wltliio a few gnat claasni ; and as all within 
each einsa have, according to our theory, been connccttd toother 
by floe gradations, tha best, and, if our collcci ions were neitrly pCT- 
fect, the only possible arrnngeniaiit, WuuM ho (^encnlogtenl ; descent 
being the biddvn bond of couneiion which luturaliata hare been 
Mwkiog under Iho lorm of tba Natural Syalom. On this view wa 
nndervtand how It is that, in tha eyes of most natunliitu, the 
atnicltir* of tha ambryn is even more importanL for rlawificntioa 
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lliaa tbftt or the ndiill. In tivo or mors groups of HniinalB, howewt 
much tliey may differ from each other in slructuro and bnbi'ta in 
thriir adult condition, if they pass through closelj simiiRr emhrjm ' 
sUiges, we may feel asiured that they all nra descended tma q 
[larent-form, and are therefore closely related, llius, commnnitT' 
iu ombryonio structure reveals community of descent; but djssi- 
inilarity in embryonic development does not prove discomiQnnily of 
descent, for in one of tiro groups the developmental stages maj 
liave been suppressed, or may have been 9o greatly modified throogh 
ndaptalion lo now habiu of life, as to bo no longer reeogniskbleL 
Even in groupa, in which the adults have been modified to on ex- 
treme degree, community of origin is often revealed by the straotvro 
of the larvsB ; we have seen, for instance, that cirrip^es, though 
eilernally bo like shell-Ssh, are at otiee known by their tarvn to 
belong to the great class of onutaccant. As the embryo often 
shows us rooro or less plainly the atructure of the less modified and 
ancient progenitor of tbo grt>up, wo can see why ancient and extinct 
forma bo often resemble in their adult state the embryos of existing 
sjiecics of tbo time class. Agassiz believes ihis to bo a aniTersal 
hiw of nature; and we may hope hereafter t« see the kw [ffoved tme. 
It can, hgwcver, lie proved true only iu those cusea ia which the 
aacienC state of the progenitor of the group has not ttcen whoUj 
obliterated, either by succossivo variations having eopervened at a 
veiy early period of growth, or by such variations having been inhs- 
ritod at an curlier age than that at which they first appeared. It 
should also bo borne in mind, that the law may bo true, but yet, 
owing to the geological record not extending Tnr enough beck in 
lime, Tanj remain for a long period, or for ever, incapable of demon- 
Etnitiou. The law will not strictly hold good in thoM attee in 
n hich an aneient form became adapted in its larval state to sooiq 
special line of life, and transmitted the Eamo larval stalo <o a whola 
group of dcsoondanta; for such larvai will not resoitbte any still 
more ancient foiTo in its adult alalo. 

Thus, as it seems to me, the leading (nets in embryology, which 
am scaind lo Dono in importance, are explained on Iho principle of 
variations iu the many descendants from some odc ancient proge- 
nitor, having appeared at a not very early period of Ufa, and having 
been inherited at a corresponding period. Embryology tisM greatly 
in interest, when we look at the embryo as a picture, more or less 

obscured, of the progeoitor, either in its adult or larval slate, of all 

the njciKbcrs of tljo snmo great cloM. 
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Sudimentari/, MrophUd, and Aborted Organs. 

Oipuu oc pftrta id thU itnuige condiiion, bearing the ploia stamp 
of iuutilily, uro oxtrumely commoD, or even general, thronghout 
luitura. It would be impossible lo munc one o( the higher nnimali 
in which eorae part or other id not in u rDdimentiuy condition. la 
the tDOiumolia, lur iniCanco, the nales possess rudimentary mammie ; 
in soakts one lobe or the lucga is nidimcntary; ia birde tlie 
" tostard-wing " msy safely be considered ni n rudimentary digit, 
md in some species the wliole wing ia so liir rudimontary that it 
cannot bo mod for Qight. What can be nora cnrioui than the 
presence of teeth in loilal vhalee, i^hich when (Town up have not a 
tooth in their heads; or the Icelh, which never cut ihrough Ihu 
^utus, in the upper jaws of nnbom calves? 

liudimcntary oi'gaDS plainly declare their origin hhiI meaning in 
various ways. There ore beetles belonging to closely allied «|)eoio), 
or even to the same identical species, vfliich have eiihcr fali-siied 
and perfect wings, or mcj'e rudiments of membrane, which not 
nrvly Ua imder wjjig-covers firmly eoldered to];eth{ir; snd ia (line 
cnscs it it impoBiiblo to doubt, that the rudimi-uta rcpiesent wings. 
nudimcntary ot^ns sometimes retjiin their potentiality: tbb dc- 
Ciuiinully occura with llie mammae of male mammals, which havo 
been known lo bcocono well developed and lo secrets milk. ISo 
again Id the udders in the genus Bob^ thero Rtc noraiolly four deve- 
loped and two rudimentary teats; but the latter in our domestic 
cows ■omctimoK become well devolo]ied and yield milk. In regard 
to plants the jivtals atu somu^mcs rudimentary, nnd sometimes well- 
developed in the indlvidunU of the same species. Jo certMD plants 
having Bornraicd sexes Kblrenlcr (onnd that by crosaiug a ipeciea, in 
which tho male floncrs incltided a rudiment of a jiistil, with en 
hermaphroditu niiccies, having of course a well'^evelopcd jHEtil, the 
rudimcat iii the hybrid olTspring was much increased in size; and 
Ibis clearly shows lliat the rudimentary and perfect instils are es- 
sentially aliko in nature, ^n animai may possess various parts in 
X pstfect stale, and yet ihey muy in one sense be rudimentary, fur 
tliey are nseleis: thus tho tsdpolo of the common Salamander or 
Water-newt, as Mr. G. II. Lewes rcmaika, " has gills, and posMS 
" its axisUnce in Ibe water ; but tbo Salaroandra atra, which Uvea 
" high up among ihe mouniaioa, brio^ forth its young fuU-rormed. 
" Tbis animal never livw in tlie waEor. Yet if wo open a gravid 
" female, wo fmd ladpulcs inside her with exquisitely feathered 
** gills [ and when pUwcd in water they stvim about like the lad- 
" puW of U<c watei^uewt. Obviously this n^ustic organisation haa 
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" no rcforecico to the future life of thu nnimal, nor Iins it any adap- 
" (alien to its enibrjTinio condition i it )ii>s solely raferetico lo 
" ancettml adaptations, it repeals a pluwa in tho dovciopmoit ot its 
" progenitors,' 

An or(^, sarving for two imrjNuos, nin; become mdimmlary or 
uClerlj aborted for one, even the more im[)ortant purpoao, and remain 
jierfectlj efficient for tho other. lliUB in plants, the offic« of tlie 
pistil is to allow the pollen-tabes lo reach tlie ovales within iha 
ovarium. Tiia pistil consists of a atigma anpported on a etjie; but 
in some Compoaitie, tho male florets, which of cooiss cannot bn 
fee undated, have a rudimentary pistil, for it is not crowned with a 
stigma; but the stylo remains icpll developed and is otutbed in Ibc 
usual manner witli hairs, which serve to brush the pollen out of tha 
siirreundiog and conjoined anthers. Again, an orptn may b 
rudimentary for its proper purpose, and be nsed for a di 
one: in certain fishes tho swim-b!adder seems lo bo radtmi 
lor its proper funciion of Riving buoyancy, but has lieconM e 
verted into a nascent brenlhiug or^an or lung. Uany cjmilar il 
rtances could be given. 

Useful organs, however little (liey may be developed, unless D 
have reason to suppose lliat tliey wera formerly more highly d«1l 
loped, ought not lo be considered as rudimentary. Hey may fl 
in a nascent condition, and in progress towards fmrther der^af' 
ment. Budimentary organs, on the other band, are either quite uj 
Ims, such OS teeth which never cut tiirough tho gums, o 
uBolesB, such ns tho wings of an ostrich, which serve merely as 
uiiU As or^us in this conditiun would formerly, when still less 
developed, have been of oven k-ss use than at present, they cannot 
formerly hare been pi'odnccd through vniiatlon and natural sElection, 
which acts solely by the preservation ot useful modifications. Hey 
have been partially rctnlned by tho power of inhcritonco, and re- 
late to a former slate of tilings. It is, however, oft«n difficult to 
distingiush between ludimcntary and nascent organs; for we o ~ 
judge only by analogy whether a part is capable of fiutbcT d 
iopment, in which case alone it dcterves to bo called 1 
Organs in this condition will nlwnya be soinctvlmt n 
thus provided will commonly have been aupplaulod by their snc- 
ccBSors with the same organ in a moio jierfect state, and constf- 
qncntly will have become long ago extinct He wing of the 
penguin is of high service, acting as a fin; it moy, therefiwft,- 
represent the nascent slalo of the wing : not that 1 belicvn tfa' 
be the cose ; it is more probably a reduced organ, modified for a 
binction: tho wing of tho Apter,vx, on the other hund, la ^ 
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iiiulcHB, and is truly rutiimenlary. Owrn conEiilcra Ibo simpls Gla- 
nienlsrf Uoibs of tlio I^pidosiren as the " beginnings of ot^n* 
which attain fiiU Cunctional development in higher Tertcbrntet}" 
but, according to tho view lately advocaied by Dr. Ctinther, they • 
aro probablji' renrnants, cDnsiBling cf tb« jienislont axis of a fin, 
uilh the lateral rays or branches aborted. The niamniary gUncU of 
the Omithorhynchns may bo conaidcrcd, in comparison with the 
uddBtB of a cow, as in a nascent condition. The origcrous frciui of 
certaia curipedea, which have ceased to give attnchmeut to the 
ova and are feebly developed, are nnacent branchiaii. 

Kudimentary organs in the individuals of the same species aro 
Tcry liable to vary in the degree of their development and in other 
rupccta. In closely alli(.-d species, also, the extent to which the 
aamo organ has been reduced occasionally ditTers much, lliis latter 
Jact is well exemplified in the slate of iho wings of female moths 
beloDginj to the same family. Kudimcntjiry organs may be ullerly 
aborted ; and this implies, that in certain animals or plants, pnrli 
are entirely atocnt which analogy woiUd lead ua to expivt to find in 
thotn, and which are occasionally found in monstrous indiTldnnls. 
TI1U4 ill most of the Scrophnloriaceai the fifth stamen is ultarly 
ubortod ; yet wo may conclude that a fifth staniDD once existMl, f'lr 
a mdiiuent of it is found in many species of tha family, and lliis 
rudiment occB»:otiBlly becomes x^rfectly developed, as may aamv- 
timcs ba seen in the common snap-dragon. In tracing the homo- 
logicM of any [lart in diUercnt members of the same class, nothlnt; 
is more common, or, tu order fully to onderstRnd tho rektlons rrf 
Uio {larts, more uicful than the diecovery of rudiments. This Is woll 
shown in the drawings given by Owen of the leg-bones of tho hotse. 
ox, and rhinoceros. 

It is an important fact thnt rudimentary organs, such as toeth in 
the appar jaws of whales and rurainiuits. can often l>o detected 
m tLo «mbryo, but afterwnrds wholly disappear. It is also, I 
uellovo, a oniversal rule, that a mdimentoiy part is of greater sixo 

n tho embryo relatively lo the adjoining ports, than in tho adult; 
10 that the organ at this early age is lest rudimentary, or even 

annot be said to bo in any degree mdimcntary. Uonco rudimm- 

My organs in the adult a'o oflon said to have rctoineil tlietr 

mfaryonic condition. 

I kavB now given iho lending faots with rcdjiect to ntdimentnrjr 
:<rgana. In refleciin; on thom, every 01)0 iiiust !« siruclc vilL 
istonishment ; fur the tnmc reasoning power which tells us tliirt 
most ports and organs arc oiqniutely ndjipt«d for cnlain ptirpows, 
lells na wlih ecinal plalmiiv* that tliexe mdtmcntnry or KtiviAli!^ 
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ui^ns arc imperreet nnd usclcsa. In works on natural hisUiry, 
niJimentniy organs are gonerally said to have beca created "for 
tho sakd of sTminetrj," or ia onler " to complete the scheme o( 
■ niilare," But this Is cot an eipIanatioD, merely a rc-statement of 
llic (act. Nor ia it consiitent with ilself: thus iho boa-constrictor 
Ilib rudimenlB oi hind-liuibs and of a peliis, and if it be said that 
these bancs have Ixwn relsined " to coi»plct« the scheme of nature^* 
why, as Professor Weismann asks, have thev not been retained by 
other snakes, which do not possess even a vesli^e oftheee aaine 
bones ? What would bo thought of an astronomer who maintained 
thnt the salellilea revolve in elliptic conrses round their ptanets 
" for the Bake of symmetry," bocange the pianels Ihua revolre 
round the sun ? Ad eminent physiologist sccoonts for the preMUCB 
of rudimentary organs, by supposing that they serve to cicreta 
matUr in excess, or matter injurious to the system; but can wo 
suppose that the minute papilla, which often represents the pistil in 
male flowers, and which is formed of mere cellular tissue, eaa Ihua 
act ? Can wo suppose that rudimentary teeth, which an nibae- 
i]iiently absorbed, are beneficial to the rapidly growing embryonio 
calf by remoriug matter so precious ns phoGjihate of lime ? Wlwnt 
a man's fingers have been amputated, imperfect nails have beea 
known to appear on the stumpi, and I could as coon believe that 
these Testigea of nails are developed In order to exercio 
matter, as tbat the rtidimcntory nuils on the lin of the n 
have been developed for this same purpose. 

On the view of descent with modification, the origin of rudimni 
tary organs is cotnparatiroly simple; and we can understand to ifl 
largo extent tho laws gOTeming their imperfect development. W«F 
have plenty of cases of rudimentary organs in our domestic pro- * 
ductions, — as Iho stump of a tail ia tailless breeds, — tho vestige of 
an ear in earless breeds of sheep, — the roappcaranco of nu'nnlo 
d.ingling horns in hornless breeds of cattle, morn especially, 
according to YouatI, in yotrag animals, — and Ihu stale of the 
whole flower in the cauliflower. We often see rudiments of 
varions parts in monsters ; but I doubt irhethcr any of theM 
cases throw light on the origin of rudimentary oi^ns in a Male 
of nature, further Ihnu by ahowing that rudimonta can be 
produced ; for the balance of evidence clearly indicates that 
species tmdcr nature do not undergo great and abrupt changei. Out 
we learn from tho study ot onr domestic productions that tho 
disuse cf partt lends to thou' rodnced si:o ; and that tb - - — 

inhorilcd. 
It appears prubnbic thnt disuse has been the mair. agent 1 
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rendering organs rudimontary. It would at flnt lead by stowsUpa 
to tlie mora and more complete reduction of a jHirt, until at laal it 
became rtidimenUuy, — oa in tho cnxo of tlio cjea of nnimalH in- 
babiliug dork cavema, and of the wings of birds iuhaliiCing oceanic 
iilaodi, nliich have seldom be«n forced by beosta of [ircy to take 
flight, and have altimatEly loet the power of flying. J^gain, an 
organ, useful under certain conditions, migbt become injnrioos nader 
olhera, as with the winga of beetles living on small and exposed 
islands ; and iu this case natural selection will have aided in re- 
ducing the organ, unlil it was rendered bantilcss and rudimentary. 

Any change in Btnictuto and function, which con be effectal by 
email alages, is within the power of natumi selection; eo that an 
oigOQ rendetod, through changed habits of life, useless or injiiriuua 
for one purpose, might be modified and ttsed for another purpose. 
An organ might, aiso, be retained for one alono of its former 
fiuictions. Or^ms, originally forme<l by tho aid of natural selec- 
tioD, nben rendered useless may well bo variable, far their vari- 
ntiona cod no longer bo checked by natural selection. All lliia 
agrees well \cith what va see under nature. Moreover, at whatever 
period of life either disuse or selectjoa reduces an or(;an, nud ihis 
will generally bo when tho being has come to maturity and lias 
to exert its full powers of action, tlia principle of inheritance nt 
rorresponding ages uill lend to reprodoce tbo organ in its reducetl 
Hlate at the tmne maturo age, but will seldom oOect it in the 
umbiyo, 'ibus wc can understand the greater eIkc of rudimentary 
organs in tlie embryo relatiTcly to the adjoiainj; parts, and their 
liMcr relative sin: in the adult. If, for instance, the digit of 
un adult animal ivos usol less and less during many generatioDS, 
owinj to (ome clrange of habits, or if an organ or gland was less 
and less rniictiounily eticrciscd, we may infer that it would become 
roduced in tiiw in the adult descendants of this animal, but would 
retain nearly its original etandard of development in tbs eiobrjo- 

Tbcro remains, bowevcr, this diJBculty. After an organ bns 
ccBStd being used, and Las become in consequence much rcducol, 
huw can it bo slill further reduced in size until Uie merest renllga 
is left ; and bow can it be linally quite ohliteniied ? It is scarcely 
(jMsible tbat disuae con go nu producing any further cfTiict after 
ilia OiifSn has once been rendered functionloss. Some additional 
explanation is here requisite which I cannot giva If, for in- 
stance, it could be proved that every port of tho organimlion totuls 
to nry in a greater degree lownrds diioinnllou than towards aug- 
incotilioDoruzc, (ben we should be ublstoundcrstandhow an organ 
ktiich luu lioconic iisolesa would bo rendered, independently of the 



offecla of disuse, nidiaicnlary and would at last bfl wholly »op- 
prosiod ; (or tho Tariations towards dinimiahed size would ao loDga 
he checked bj natural Eelectiuu. The prindpln of the eoooomj 
of ffrowth, explained in a former chapter, by which tbe m«t«riat« 
forDiing any part, if not useful to tbe possessor, are saved na far ae 
is possible, wiLl perhaps come into plaj in locdering a usclcsa put 
rudimentary. But this principle wilL almost neccssaril]' lo ma- 
flned to the earlier stages of tbe process of reduction ; for wo CMUtot 
suppose that ft roinule papilla, for instance, representing in a mala 
flower the pistil of tbe female fiower, and formed merely of celloUi 
tissue, could be further reduced ot absorbed for the sake of econo- 
mising nutriment. 

Finally, as rudimentary organs, by whatever steps tbey may 
have been degraded into their present useless condiLion, are tJie 
record of a former state of things, and have been retained solely 
through the power o( iuherilnnco, — wo can nndcrsUnd, ou tho 
genealogical view of classiG cation, how it is that systematist-i, in 
placing organisms iu their proper placea in tho natural system, have 
often found rudimentary ports as useful as, or even sometimes more 
useful than, |«rt3 of high physiological importance. Rudimentary 
organs may be compared with the letteia in a word, still retained 
ID the spelling, but become nselcas in tho pronunciation, but which 
servo as a clue for its derivation. On the view of descent with 
modification, we may conclude that the existence of organs in a 
rudimentary, impcrf^t, and useless condition, or quite aborted, far 
from presenting a stmnge difSculty, as they assuredly do on tho old 
doctrine of creation, might cvcq have bcennnticipotodinnccordnnoo 
with the views here explained. 

Summary. 
Iu this chapter I havo attempted to show, that Iho arrangcinciit 
of all organic beings thronghout all time in groups under groups — 
that the naturo of tho relationships by which all living and extinct 
organisms are united by complex, radiating, and circuitous linsa of 
nfliuilies into a few f^aud classes, — the rules followed nod the 
difficulties encoiiiiterL-d by naturalisls in their olasnifications, — 
the value set upon chnrocleis, if constant and jirevaleut, wbcthcr 
of high or of the moat trifling importance, or, ns with rudimentary 
organs, of no importance, — the wide opposition in value between 
analogical or adaptive eharnclers, and characters of true aflinily i 
and other such rules-, — allnatunilly follow if we admit the commoi> 
imrontage of allied forms, together with their modification thnitigt 
v.-u-iatioc and nalnral selection, with tho coalinscncios of extinction 
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nnd divergence of cbnrnctcr. In coDiidcriag this ricn ofclassilica- 
lioD, it should li« bome in mind that tho clement of deBceot biu 
iHson nnivefBally used in ranking together the scxea, ages, dimorphic 
forms, and acknowledged larietieB of ths same Bpecitii, howeTcr 
much they may diOer from each other io structure. It we extend 
the use of this clement of descent, — the one certainly knowo causa 
of nmiUrily in oi^anic beinge, — we shall understand what is meant 
by the Natural Syatem; it is gcnealo^cal in its attempted arran^c- 
moat, with the grades of acquired difference marked by the tonus, 
Tarioliea, species, genera, families, orders, and classes. 

On tbia same ficw of descent with modification, most of tbn 
great facts in Morphology become intelligible, — whether we look 
to the same pattern displayed by the different species uf the same 
class in thoir homologous organs, to whatever purpose applied ; 
or to the seiial and latcr^ homologies in each individual animal 
and plant. 

On the principle of successive slight variations, not necessarily 
or generally supervening at a Tery early period of iife, and buiug 
inherited at a corresponding period, we can understand the lendiug 
liicts iu Embryology ; namely, the dose resemblance in the indi- 
vidual amhryo of the parts which aro homologous, and which when 
matured become widely different in structum and functii>n ; and 
ibo rcsembloDOB of the homolpgoiw xnrts or organs in allied though 
distinct species, though fitted in the ndiilt slalc for habits as 
diCforont as is possible. Lorvn are active embryos, which hare 
boeaf|iocially modified in a greater or less d^^ee in relation to their 
)iab!ta of life, with their modifications inherited at a correspond- 
ing early ^c On these same priocipiea, — and bearing in lalnd, 
that when organs are reduced in sixe, either from disuse or through 
natural selection, it will generally be at that period of life when 
the being has to provide for its own wants, and bearing in mind 
how stiong is the force of inhcrilauce — the occurrencu of rudi- 
mentary or[;ani might even have been atiticipat'^ I'he Im- 
portoDce of enibryological characters and of rudimentflry organs 
in chumficalion is intelligible, on the view that a natural nrraii-i.'- 
lueot miist be gcnealogicaL 

Finally, the several classes of facts which have Ixicn considered 
in this chapter, seem to mo to proclaim to plainly, that the Iudu- 
merable species, gcnem and families, with which this world is 
{xopled, aro all desc«ndod, each witliin its own claaa or group, from 
comiooD parents, and have all beeniDDdtfiedlnthe coutaeofdescanl, 
that I alioold without hcaiiatioo adopt this view, oven If It «ct« 
nuafliortod by other facts or argmiients. 
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CHAPTEE XV. 
ItECArrruLiTiBS ask Cokclubiov. 

Reuc.pitalation of th* objectiani to tha theory of Nilurnl Selvctimi — 
RMnpitubtion of thg gEDeral nnil (prcial drcumatancei io iu Ikvonr 
— Chiiuk of Ihe geQeral b«lief in th« iminntabUitf of ipcdei — lloir 
f.r tho Oiearj of Ifatural Selection ma; t» ei (ended — EffKli of iU 
idoption DE [be study ofNalursI Hulorj — Coucladiag rcnurk)^ 

As Ihia whole Toliime is one Ion;; nrpiment, it inny be coDTtnient 
to the rcndiT lo have the leading fncts and inferences briefly re- 
capitulnted. 

That m«ny and geriouH objections may bo ftdvancod sgaiiut the 
thoory of descent with modification through variation sod nutnral 
telectioa, I do not deny. I havo cndeavourod to give to Ibem iLeir 
full force. Kolhiag at first can appearmore difficult to believe than 
llut Ihe more complex organs and instincts have be«n perfwtod, 
not by means superior to, though analogous with, butnia reason, 
bat by tbe accumulation of iimumorablo slight rariations, each good 
fur the individoal possessor, Nsrorthelcst, this difficulty, thongh 
appearing to our ima^nation insuperably great, cannot be con- 
sidered real if ivs admit tho following propositiona, namely, tbst 
all parts of tho organisation and instincts offer, at least, indindnal 
differences — that llicro is a struggle for existence leading to tha 
preservation of profitable deviations of structure or instinct — and, 
lastly, that gradations in the state of perfection of each organ may 
have existed, each good of its kind, llic truth of these propodtions 
cannot, 1 think, bo disputed. 

It is, no doubt, eitrcmely difficult even to conjcoliinj by nhat 
gradations many slructiires havo been pcrrecl«d, more especially 
amongst broken and failing groups of organic beings, nhich have 
Buflercd much extinction; but vie see to many strange gradations 
in nature, that we otight to be eitrcmoly cautious in anying that 
any organ or instinct, or any whole stntctnre, could not have 
arrived at its present sUito by many t^duated steps. There arc, 
it must bo admitted, cases of special difficulty opposed to the 
theory of natural selection ; and one of tho most ciirioui of thcM 
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is Ihs existencQ iu the same i»minuDi[}r of tn'o or tlirco doGncd 
cnstoa of worin-rs or sterile femnl« nnti; but I have nttcmptcd 
to ibow bow tbesc ililliciillicB can be miutFred. 

With Tusiicct to tho alinoEt tinircnal strnlil]r of ipeciea ivhen 
first craned, which fonns eo remiirkabie a contrast ^rith tlie nlmost 
luireml fertiUty of vnrielics when crosBcd, I most refer tho render 
lo lh« recapitalatjon of Ihe facts j^iTen at the end of tho ninth 
chapter, which seem to mo couctosively lo show that this Elerilily 
Is DO mors ft special endowment than is the iocapocity of tn'ii 
dittioct kinds of trees to bo grafted together; but that it is 
incidental on differences confined to the rcprodnctiTo ajstems of 
the iaiorcrossed spcclea. We see the truth of this conclusicn in 
ibe v&it difference in tho results of crossing tho enme two species 
nwiprocally,— that is, when ouo species is tet used ns tho father 
and ihen a* the mother. Analog from the consideration of 
dimorphic and trimorphio plants cloarly lesds to the miue coii- 
cliuion, for whoa the forms are illagitimntcly united, they yiolil 
few or no seed, and their offspring are more or less sterile; (tnd 
Ihesa fonoa belong to the same undoubted species, nni) differ from 
each other in no rupect except in their reproductive organs nud 

Although tlie ferrility of Toriotiea nben iDlcrcinsecd atid of their 
tnoDgrol otispring lias been assorted by so mnuy nulboni lo bo 
universal, this cannot be contidcrcd as quite oorrect aflor llio facU 
'giv-cQ on the bl;tb autliority of Gartner and Kiilroutor. Unst of 
tlie variuti(« whicb have been experimented on hnvo been pru> 
duced under domoBtlcation ; ami as domestication (I do not luimii 
mere con6nement) almost certainly tends to eliminate that eterilliy 
wtiich, judging from analogy, would have alTectod the porent-spccies 
if intenmsscal, wo ought nut to expect that domestication would 
likewise induce sterility in their modiGrd descendants wljcn crossed. 
I'his eliminalioQ of sterility tipi)areDtiy follows from the ssme 
(BOSe whioh allows our domostio animals to breed freely under 
diversified circumstances; and this again apparently follows &om 
their having been gradually accustomed Ig frequent chnngea in 
thoir condiUoQs of life. 

A double and parallel scries of fnct* sroms to throw much lijj-lit 
on tbo sterility of species, when first ctosacd, and of their hybrid 
(iffiiprins. On the oiio sidis there ta good n'a#oa to btlievs that 
•light chiin^ca in ihocondiiions of Ufa eivc vigour swl fertility to nil 
oTgnnie beings. We tnow also llut a cross between the distinct 
individnols of the same variety, and between distinot varieties, 
Ihe number of their oniprin^, and certainly giret to them 
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inCTMtial SIM >Dil vi;;oiir. litis is cbiciljr owing to the ft 
ara craMwd liaving been exposed to somewbat different o 
of life ) for I liava ascaitaiQul by m laboriooa wrics 
that ir kll tbo individuatB of tbe c&me Tuiety bo snbjeeled A 
Msveml e«li«nitio[is lo the wme eoDdilions, the good deriTcdb 
eroMing in ol^n mucti diminished or wholly disappcon. TUk ' 
004 tide of the cnao. On the other side, n'e kiunr tliat ^ 
wlilch h*Ta long bwQ cxpoeed to nearly mufoRn coBditko^ 
tha; ara labjoctcd under conliDeiiieDt to new twd gre^Uy «bi 
Gouditioaa, •ithi-r pcrisli, or if tlicy surTixe, are r 
Ibuugb ntkinins parfect bealth. Thii does not occor, or onlj in i 
vrrj sUjEht dfigriM, vrith our domesticated productions, which fan* 
loiu b«en cxpowd lo fliiclunting coiiditioni; Heoce, wb«n wo God 
Ihtt hybrids praduoed by a oruu between two distinct speciM in 
few ja Dumber, owing to their porUbing soon alter couccptioD cf 
at a Tory early agp, or if surTivini; that they are rend^wl njort 
or leas sterile, it lecmt highly probable that this result is dne Ui 
thair havinft l>caa in foci subjeclod la a grcAt chatigs in tbetr 
CMiditlont of life, from boinj; compounded of two distinct wganisa- 
timu. He who will explain in a definite manner why. Sat imtanw, 
an elrphant or a fox will not brocd under confinement in its nstivo 
oountry, whilit the domestic pi; or dog wilt breed freely under the 
luwt divertifiod conditions, will at the same time be ablo to give a 
deliuita auwnr lo the qucstioa why two distinot species, when 
imJ, at well aa Uioir hybrid offspring, are generally rvndeivil 
ra or kss atwilo, whilst two domestioaCed variotiea when crosseJ 
I <Mtd Ibait monsnl oBspriog are perfectly forble. 

l^mtinii t« Rfogra^ical distribution, the difficulties cneoitnlcrcd 
•n tiie theory of dcacent with modification tire serious fnonglt. 
All the individuals of the saino ipecics, and all the species of (he 
Mino gouu«, or BTen higher group, aio descended from comtnoo 
parcnll ; and therefore, in however distant and isolated ports of Ihe 
world they may DOW be found, thoy most In the course of soccessive 
^nemtioDS have tmvellcd'from some oue point lo all the others. 
We are often wholly unable even to conjcctuni how this could 
have bwn efftcted. Yet, as vpo have reason lo believe that some 
ipedoa have retained the same specific form for very long periods 
of time, immensely long as measured by years, too much stress 
ought not (0 bo laid on the occasional wide diffusion of the tame 
speciesj for during rery long periods there will nlirayg have been 
a gi«d chance f-.* wide migration by many means, A broben 
or InterrDptod range may often bo acconnled for by the extioction 
of the si«cloa in the interwedinto regions. It cannot be denied 
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that wo nni as yai very isnorant BS to the ftill extent of the rariouB 
clJmiiUl and goc;;ra|>bieDl changea which have sSecled ths c«rih 
during moiicro j/oHixIb; and Bach chnngea will often have fiicilitatcd 
migitilion. Ai on eiample, 1 have attempted to show how potent 
liiM b<«a ib« influence of the GlacinL period on the diEtribaiion of 
the eame and of allied speciei throughout the worlJ. We ere )u 
jet profotuuily ignomnt of tlic lOKiiy occnsiooiil meaag of trans- 
poi-t. With respect to diitinct species of the BBme genas inha- 
biting diitont KcA i«oiiil«d re~iona, as the procen of modifictitioa 
has nocetBorily been slow, all the mcani of tnigration wj]) have 
been possible during a very lonj period ; and consequently tho 
diflicnlty of the wide diffusion of tho species of the same geniis 
is in «ome degree leswoed. 

As according to the theory of natural aolcotion an interminable 
tiiimber of iatsnnnliate forms must bare existed, linking together 
all tbo tpeciM in each gronp by gradatious lU fine its are our 
existing varieties, it may bo asked. Why do we not see thrse 
linking forms alt around iis? ^V'hy are not all oi^nio beings 
blended together in an inextricable chaos? With respect to 
existing fnrniB, wo should reracmber that wo have no right to ex- 
pect (excepting in rare cases) to discover diretSy connecting linlu 
between them, but only between each and some extinct and sup- 
planted form. Even on n wide area, which has during a long 
period remained continuoux, and of which the climatic and other 
conditions of life change insensibly in proceeding from a district 
occupied hj one spcciea ioU) another district occupied by a closely 
Allied species, we have no jurt ri^-hl to expect often to find inter- 
mediate varieties in the intermediate zones. For we have reason 
to believe that only a few species of a genus ever undergo change ; 
tho ether species becomln; utterly extinct and leaving no modified 
progeny. Of the species which do change, only a few within the 
•amo country change at the same time ; and all modiScations 
ate slowly elfectcd. I have also ahoivn that the intermediate 
varieiiei which probably at lintt existed in the intcrmediato tones, 
would bo liablo to be supplanted by the allied forms on either 
hand ; (or the latter, from existing in greater numbers, wmiM 
Ecnorolly be modiliod and improved at ft qiiiclict mte than tho 
iiitermediato varieties, which exiBte<l in li-sser niimhers; so thai 
the intermodiale varieties would, in the lun^ run, bo supplautol 
Uul ei terminated. 

On this doctrine of the oxtennioalion of an inGiiitiida of cou- 
iiMting links, between tho living and extinct InlAbllants of the 
woitd, and at oaoh ■iicccmlve ])rriod between tho cxtlnri and still 
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ddcr upccies, wliy is net every goologia^ formaUon chafed with 
auch liaka? ^hy docs not every colloction of fogsil rerowm 
alTord i>lfcia evidence of tho gradntion and mutatioa of the Ibmis 
oflife? Although geological research has nndoubledly revealed 
the former exiatuoce uf many links, bringing DUmeroQS forms 
of life mucli cloBet togelhcr, it doea not yield tho in6nitely many 
tine gradations between past and present, Bpecica required oa lite 
theory ; &nd thi« is the moat olivious of tho many objections which 
may be urged against it. Why, asnin, do whole groups of allied 
■pecies appear, though this appearance is often blse, to have oomo 
la suddenly oa tba succesaive geological stages? Although we 
DOW know that organic beiugs appeared on this globe, at a period 
iacalcuiubly rcmolo, Icn; before tho lowest bed of the Cambrian 
system was doposiled, why do we not End beneath this system 
gieat piles of strata stored with the remains of the progenitors of 
the Cambrian fossila? For on tho theory, such strata must sorae- 
whcre have been deposited at these aucient and utterly uziknowu 
epochs of the world's history. 

I can answer these questions and objections only on the sup- 
position that the geological record is far more imperfect than most 
geologisis believe, llis number of specimeQi in sU our museums 
is absolutely as nothing compared with the countless generations 
cf cotmtltEB species which have certainly existed. Tho parent- 
form of any two or more species would not be in all its charscteni 
directly inlenoediate between its modified offspring, any more than 
tho rock-pigeon is directly intermediate in crop and tail between 
its dosceodants, the pouter and fantail pigeons. Wo should not bo 
able to recognise a species as the parent of another and modified 
species, if we were to examine the two ever so closely, unless we 
ItoEsussed most of the intermediate links ; and owing to the imper- 
Jectiun of the geological record, wo have no jtist right to expect 
to find so many links. If two or three, or even more linking forms 
were discovered, they would simply be mnked by many naturalists 
as £0 many new species, more especially if fonnit in different geo- 
logical sub-stages, let Ihi:ir differences bo ever so alight Numetoui 
existing doubtful farms cnnid bo named which ore probably vnrie- 
tie.i ; but who will pretend that in future ages so many fossil links 
will be discovered, that naturalists will be able to decide whether 
or not these doubtful forms ought to be called varieties? Oniy a 
small portion of the world has been geologically explored. Only 
ornanic beings of certain classes can be preserved in a fossil con- 
dition, at least in any great number. Many species when onco 
fomied never undergo any further change but bccorae extinct 
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witbont leaving modified degcccdaati ; aod Ihe periods, dnrins 
nhich (peoiea bave uudergoiie modification, though long u toeo- 
suxed by jeaxs, have probably been short in comj^riaou with the 
X«riods during which they reloiocd tho Bame form. It is the domi- 
nunt and widely ransiog BpecJea which Tary most frequently nnd 
vary most, and varieties are often at first local — both causes 
reudering the discovery of intermediate links la any one foimatioa 
leiii) likely. Local varieties will not spread into other and distant 
regions until they are conaldsrably modified and improved ; and 
wbcD they have spread, and are discovored In a geological tonuor 
lion, they appear as if suddenly created there, and will he siinply 
classed as new species. Most formations have been intermittent in 
their accumulation ; and their duration has probably been shorter 
tlmn the average duration of spcci&c forms. Successive formations 
are in most cases separated from each other by btuik Intervals 
of time of great length; for fossililcrous fonnations thick eooujili 
to resist future degradation con as a general rule be accumululFil 
only whore much sediraent is deposited on the subsiding bed of llio 
tea. Daring the alternate periods of elevation and of Rtationary 
level the record. will generally be blank. During these Isltrr 
periods there will probably bo more variability in the forms of life; 
during periods of subsidence, mote eKtinction. 

With respect to the absence of strata rich in fossils bencatli the 
Cumbrian formation, 1 can recur only to the hypothesis given in 
the tenili cbapter; namely, that though our coDtioenls and oceans 
have endured for an enormous period in nearly their present relative 
ixnitious, wo have no reason to assume that this has always bo«a 
the case: consctiUGntly formations much older than any now 
known may lie buried beneath iho grciit oceans. With respect 
to tha lapse of time not having been suQiciont since our planet 
was consolidated for the assumed amount of organic change, end 
this objection, as utged by Sir William lliomiison, is probably oue 
of the gravest as yet advanced, I can only say, firstly, that wo do 
Iiut know at what rate species change as meoiurod by years, anil 
secondly, that many phUosophers ate not as yet willing to admit 
that we know enough ef the constitution of the universe and of 
the interior of our globe to speculate with safety on its past diua* 
lion. 
lliat the geological record It imperfect all will admit; but that 
I It ia imperfoct to the degree required by our theory, few will be 
i Inclined ta admit. If we look to long euounh intervaU of time, 
geology plaiuly dKUroa that specie* have all changed ; and tbey 
have cli<uiged in the manner required by tho theory, for thejr han 





ctiuigud eIowI; and in a gnuiuatod mannor. Wo cl«ar1j ■«« tbif 
in Iha fouil remains rroni consHMitive Ibnnntions inrariabl7 being 
much more closely rvlntod tu each other, Iban arc tlio fosails from 
widely separated formntionB. 

Such ie the mna of the nevcral chief cihjoctioiis and dtiScultiM 
which may be justly urged against the theory; and I h&ve sow 
biiefly r<;capilulated the acswera and exphumtiona which, u hr 
a» I can see, may be given. I liAvo Tclt these dif&eiiltiea for too 
licavily dnring many yenn to doubt their weight. But it deoerrM 
especial notice that the more important ubjectiona relate to qnet- 
tioai on which we ars confegscdly ignorant j nor do w» know how 
i'^'nomnt we are. Wo do not know all the possible transittonal 
gradations between tiie simplest and the most perfect orgatu; it 
cannot be pretended that wo know all the varied meaos of DJiIribn- 
lioD during tlie long lapse of years, or that we know hoir imparfect 
it the Geological liccord. Serious ta these scTcral objeotiona are, 
in my jud^cnt they are by no means sufficient (o orortfarow Ih* 
theory of decent with subsequent modificntion. 

Now let lis turn to the other Eide of the or^ment 
duraesticatioQ wo sco much variability, caused, or at least excited^' 
by changed conditions of life; but olten in so obscure 
that we ore tempted to consider the variations as spontaneona. 
Variability is governed by many complex Itm-e, — by cotrelated 
growth, compensation, the increased use and disuse of parts, Riid 
Ihc deGnile action of the Gurrouudlng conditions. There is much 
ilifficulty in ascertaiuiDg how largely our duniesiic prodnetions 
rave been modified ; but we may safely infer that the smoimt 
has been lar^o, and Ihnt modlBcatious can bo inherited for long 
jieriuds. As Ion;; as the conditions of life remain the same, we 
IjHVe reBHon to bcliavo that a modification, which has already been 
inherited for many generations, may continue to be inherited for an 
almoit infinite nmnber of generations. On the other hand, we have 
CTJdence that variability when it has once come into play, does not 
cease under domestication for a very long period ; nor do we know 
that it ever ceases, for now vnriclios are still oecasionfdly produccit 
by our oldest domesticated productions. 

Variability is not actually cauised by man ; he only nninteu- 
tionally exposes organic beings to new conditions of life, and then 
nature acts on tlie organisation and causes it to vary. But man 
can and docs select the variations given to him by nature, and thu 
accumulates them in any desired manner. lie thus adapts animalf 
uud plants for his own bcm-fit or pleasure. He nmy do thi* 
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mctbodicftllf, or lie msy do it nnconBcionsly by iirescrviiiK tlis 
inilividiulB most useful or plMciog to htin witlioat any intention of 
ftllering the breed. It is ccrtma tbat be c&n largely influence thu 
character of a breed by selecting, in each BQCCessive generatiou, 
individual differences so slight as to be inappreciable except by an 
educated eye. This UBCDniiciouii procexs of Eelectiun has been thu 
great agency in the formation of tbo most distinct and UGeful 
domestic breeds. "I'hat many breeds pradnced by man bars to a 
large extant the character of natnral species, is shown by tlio 
inpxtricablo doubts whetber many of them are Tarietics or abori^- 
nally distinct species. 

There is no reason why tbo principles ivblch have acted so 
cfBciently under domestication should not have actod under naturo 
la the EurviTal of fdvouicd iudlvidoals and races, during the 
toQstantly-recuirent Straggle for Existence, wo see a powerful ami 
over-acting form of tJeloctioo. The stru^la for existence inevitably 
follows from tbo high gecroetrical ratio of increase which is common 
to nil organic beings. This hi;^ rate of increase is proved by 
c^lcuhitiun, — by the rapid increase of many animals and planbi 
during 4 mcGetsioa of peculiar seasons, and when nntnralisod in 
new countries. Mora indlriduals are bom than can poHihly 
survive. A gnun in the bahmce may determine which individuals 
■liatl lire and which shall die,— which variety or species shall 
increase in number, and whicli shall decrease, or finally become 
extinct. As the individuals of the same species come in all 
respects into the closest competition with each other, the strugglo 
nill generally be most severe between them; it will be atmosl 
oi)nally severe between the varieties of the same species, and next 
in severity between the species of the same ^nas. On the other 
hand the strugglo will often be severe between beings remote In Ihu 
Kcaln of nature. The slightest advantage in certain tmlividuals, at 
any ago or during any st^ason, over those with which Uioy como 
into competition, or bi;tter adaptation in however slight a degree to 
tlio surrounding physical eonditioDS, will, in Ilia long run, lum the 
balance. 

With animals having sepnmtod sexes, there will be in most rasra 
a struggle between tlie tnaloa for the jios«»sion of the femalaa. 
I'ho most TigorouB males, or thow which have most suoceasTuUy 
■tniggled with thoir cnni^tlons of life, wit) gsoorally leave most 
progeny. But success will often depend on ilie nudes having 
spMal weapons, or meatii of defence, or charms; and « slight 
advantage will Uad to victory, 

As cW'logT plainly pnieUltrs tliat each land his tindi-rgono great 




412 Rtxiipitulalwtt. Our. XV. 

physical cbangec, we mlglt hara expected to find ihftt orgsnio 
brings h&v-e varied noder nature, in the sune wny aa they ha*e 
TOhed under domesticatioD. And if there has been any Tiuiabilitj 
uodei nature, it would be an imaccouQ table fact if natural EeleetJon 
hod not came into play. It has ol^en been asserted, bat tlis 
assertion is incapable of proof, that tbe amonnt of Tariation nnder 
nature is a etrictly limited quantity. Mnn, though acting on 
txtcma] chnractcrg alone and often capriciously, can prodnce within 
a Bhort period a great resiUl by adding up mere individual diSerencei 
in his dujncatic productions; and every one admits that Bpecit* 
present individual dttTiTeucca. But, besides euch diSerencca, oU 
naturalists admit that natuml varieties exist, which are conaidered 
■ufBcicotly distinct to bo wortby of record in systematic worka. 
Ko one luis drawn any clear distinction between individual difler- 
cnces and slight varieties ; or between more plainly marked varietiea 
and sub-spocics, and species. On se]>aralo continents, ajyl on 
different parts of the eame continent when divided by barriers of 
any kind, and on outlying islands, wliat a multitude of tana& exist, 
which some experienced naturalists rank as varietiei, othos as 
^eosrapbical rac«s or sub-species, and others as distinct, though 
closely allied species ! 

If then, animals and plants do vary, let it be ever so slightly or 
slowly, why should not variations or individnal differences, wbidi 
lira in any nay beneficial, be preserved and accumulated through 
natorsl selection, or the survival of tlia fittest? If man can by 
patience select variations useful to him, why, under changing and 
complex conditions of life, should not variations useful to nature^ 
living products oltcn arise, and be preserved or selected? What 
limit can be put to this power, acting during long agea and ri^ly 
scrutinising tho whole constitution, structure, and habits of each 
creature,— favouring tho good and rejoclinK the bad ? I can se« no 
limit to this power, in slowly and beautifully adapting each fonn to 
ibe most complex relations of life. The theory of natmal aelection, 
ercn if we ioob no farther than this socma to bo in the highcei 
degree probable. 1 have already recapitulated, na fairly as 1 could, 
the opposed difliculties and objections: now let us turn to the 
f^ciid facta and arguments in favour of tbo tiieoty. 

On the view that species are only strongly marked snd pennanont 
varieties, and that each species first existed as a variety, we can 
see why it is that no line of demarcation can be drawn between 
Kpecies, commonly supposed to have been produced by special acta 
of creation, and varitties which are acknowledged to have been 
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Iirodnneii by secondary bws. Oq this eamo view we c»n underatnnd 
lioiv il U that ill a region where many apecioi of a gcnuB hare been 
prodacnl, end where tbcy now flourUh, tbete sumo species should 
prcsont many vBrietieg; for where ths msDnractary of species has 
been active, we might expect, tn a general rule, to find it still in 
utioD ; ftud tbij la the case if varieties be iueipiotit species. Uore- 
ovcr, the specie* of the larger genera, which afford tlia greater 
number of varieties or incipeot species, letflin to a certain degree 
the chaiacUir of varieties ; for they iliffcr from each other by a less 
ainonnt of difforcace than do the species of smaller gcneia. The 
uk.sely allied specie* also of the larger genera apparently have re- 
stricted ranges, and in their affinities thoy are clustered iu little crouia 
round other species — in both respects resembling varieties. These 
are sirango relations on the view that each species was indepeudontly 
cccntcd, but are intelligible if each existed first as a variety. 

As each species tends by its geometrical rata of reprodoetioa to 
increase inordioatcly ia number ; and as the modified dcscenduil* 
ii( coch species will bo enabled to increase by as much as they 
bfcume more diTcrsified in habits and structure, so as to be able 
Iu seiso oa many and widely different places in the ecoDomy ol 
iialitre, there vill bo a constant tendency in natural selectioa to 
preserve the most divergent aSspriDg of any one species. Honce, 
during a long-continued course of modification, the slight differeiicea 
clioractcrutic of varieties of the same species, tend to bo augmented 
iuto tho greater differences characteristic of the species of the same 
geuus. New and improved varieties will inevitably supplant and 
cilerminate the oldur, Ices improved, and iDtormcdiate \ 
and thos species are rendered to a large extent defloed and 
diitinct objects. Dominant specie* belonging to tlio larger 
groups vithin each class tend to give birth to new and domi- 
luuil forms ; so that each large group ti^nds to become still 
larger, and nt iho same time more divergent in character. £iit as 
all groups cnnnot thus go od iDcreasiog in site, for tlie u-ortd wonld 
not bold them, the more dominant group* beat ths less dominant. 
'I'his Icndon^ in the large groups to go on tucreaeing in sixo and 
diviirging in character, together with the inevitable coniiugency of 
much cxtinctloo, explains the arrangement of all the farms of lire 
in groups subordinate to groups, all within a few grcnt classes, 
which has prevailed throughout all time. This grand fact of tlia 
irroupiDg of alt organic beings under what is mUkI the b'aluni 
Syslom, is utterly ioexplicaUa.on the theory of creation. 

A* natural selection acts solely by occtimulating alight, mocHMT*^ 
(hTcurabk varbtioni, it con produce no great or su'lden modlficM* 



I 



414 



RecaplUtlation. 



ChakXT. 



lioiu ; it can Act only by sbort anj alow atops. IIfiicc the canou of 
"Nutura Doii Eacit saltuni," which every Ircali addition to our 
knowledge tends to coDfirm, is oa tbis theory intelligible. We can 
MO why throughout natare the samo general end is gained by nn 
almost inlinilc direrHly of means, for evwy peculiarity when ones 
a(X|uircd is ton; inherited, and structurea obeady modi^ed in many 
dilleront ways have to be adapted (or the same goLieml purpoae. Wa 
can, in short, uco why nature is prodigal in Tariety, though niggard 
in iunovatioo. But why this should be a law of uatare if each 
spocicB has been iudcpendontly created, no man can explain. 

Mauy other facts are, as it seems to me, explicable on this theory. 
How strange it is that a bird, under the form of a woodpecker, 
ihoiiTd prey ou insects on the ground; tliat upland geese which 
nrcly or never swim, should possess webbed feet; that a. thmsli- 
like bird should dive and feed on sub-aquatic insects; and thai a 
petrel should have the hnbits and structure fitting it fur the li/e of 
an auk 1 and so in endless other coses. But on tbe view of cocli 
species constantly trying to increase in number, with natnml 
■election alnaya ready to adapt the slowly varying desceudants nf 
bich to any imoccnpied or ill-occupied place in nature, these facts 
cease to bo strange, or misht oven have been an ticipatcd. 

We con to a certain extent understand how it is that there it 
so much beauty througiiout nature ; for this may be largely attri- 
buted to tbe agency of selection. That beauty, according to out 
sense of it, is not universal, must be admitted by every one who 
will look at some venomous snakes, at some hshcs, and at certain 
hideous bats with a distorted resemblance to the hnmna face. 
Sexual selection has given the most brilliant colours, elegant 
patlcrns, and olber ornamcnls to the males, and sometimes to 
both seici of many birds, butterflies, and other animals. With 
birds it has often rendered tbe voice of the male musical to the 
female, as welt as to our ears. Flowers and ^it hare been 
rendered conspicuous by brilliant colours in contrast with the grcca 
foliase, in order that the flowers may be easily seen, visited, and 
fertilised by insects, and the seeds disseminalcd by birds. How it 
cornea that certain colouni, sounds, and forma should give pleasure 
to man and the lower animals, — that is, how the sense of beauty 
in its simplest form was flrst acquired, — we do not know any 
more than how certain odours and Havciurs were first rendered 
agreeable. 

As natural selection acts by competition, it adapts and iminovea 
lh« inhabitants of each country only in relation to their co- 
iuhnbilflcts; so that we] ~' ' 
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one country, althoush on tha ordinary viow supposed to havo been 
orcBtcd tuid Bpecially adapted for that country, being benten and 
iupplant«d by tha naturaljticd productioos from nnother land. Kcr 
ou);lit we to maiTcl if all tha contrirsnces in nature be not, as far 
ns we can judge, absolutely perfect, aa in the case oven of the 
IiumaQ eye J or if some of tbem bo abboirent to our ideas of 
fitDcea. We need not cuurel at tbe sting of the bee, when lued 
against an enemy, causing the bee's own death; at dronce being 
produced in Eucb great numbers for oue single act, end being then 
slaughtered by their sterile sisters; at the astonisbing waste of 
pollen by our fir-ttccs; at the InstiuctiTO hatred of the qnecn-bco 
fur licr own fertile daughters; at ichDcumoaidw feeding within Ibc 
living bodies of calcr^ullats ; or at other such cases, 'i'lie wonder 
iu'leed is, on the theory of natural selection, that more cases of the 
want of absolute pcrftictian havo not been detected. 

Tho ccropiei and liltle known laws governing tlie production 
of varieties are the sainc, as far as no can jud^e, with the ln»'s 
which have governed the production of dislinct sficcits. In loth 
cases physical conditions seem to have produced some direct 
and dchnita effect, but iiCfw much we cannot say. 'ihus, nhcii 
varieties enter any new station, they occasionally assume some of 
tbe characters proper to the species of that station. With botli 
varieties and species, use and di«nse Kcm to have produced a 
considerable effect ; for it is impossible to roust this concliulon 
when we look, for ioBtanco, at the lo<(gGr-hcadcd duck, which has 
wings iocapeble of flight, in nearly the same condition as in the 
doincslic duck j or when wo look at the borrowing tucu-lncii, which 
is occasionally bliud, and then at certain moles, which are habitually 
blind and have their eyes covered with skin ; or when we look 
al tho blind animals inhabiting the dark caves of America and 
Europe. With varieties and spccios, correlated variation seoms ro 
have played an important part, so that when one part has been 
iiiodifiod other parta have been necessarily modified. With both 
varieties and specica, teveisions to long-loet characters occasionally 
occur, llow inexplicable on the theory of creation is tlie occasional 
a[ipcanuica of stripes on the shoulders and legs of tbe several species 
of tbe hono-gcnns and of their hybrids I Uow simply is this fact 
tpUioed If we believe that these species are all descended trcaa n 
striped progenitor, in the aaroe manner as tho several dotneatio 
breeds of the pij;cun are descended from tho blue and banrd nck- 
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■pecie* of the same genns diOcr from each other, bo moro v«ri&hla 
th«a generic chnracterfl in whicli they alt agree? Why, for ia- 
■tance, thould the colour of a flowcT "he more likely to vary in 
any one Bpeeies of a geniu, if the other gpecie« possess diSenntJy 
coloured fiowera, thim if all poasciscd the same coloured flowerg? 
only well-miLrkcd varieties, of which the characten 
have become in s high degree permiinent, ve can nndersland this 
fact ; for they have alrcBdy Tsricd since they braached off frata a 
common progenitor in certain characters, by which they hare come 
to be BpociBcally distinct from oiich other; therefore these eaioe 
characters wonid be more likely again to vary than the generic eba- 
which havD been inherited without chaoge for an imtneiwa 
jieriod. It is ineiplicablo on the theory of creation why s put 
developed in a very unnaual mimocr in one species alone of a Keum^ 
and therefore, as we nay naturally infer, of great JropDrtanOs to 
that species, ehould be eminently liable to variatioii ; bnt, on oar 
view, this pirt has undcr^ne, since the sercial species brancheii off 
from a common progtroitor, an unosual amount of variability kod 
modiQcation, and therefore we might expect the port genei»tlf to 
be still variable. But a part may be developed in the most vinuaiul 
ler, like the wing of a bat, and yet not be mere ronnble tbm 
any other tlruotnrc, if the part be common to many enbordinste 
forma, that is, if it has been inherited for a very lonj; period ; for in 
tliis case it will have beoD rendered couslant by loDg-coo tinned 
□atnral selection. 

Glancing at insllncta, marvelloDS as some ore, they olTer no 
greater difficulty than do corporeal structures on the theory of tbo 
imtiuat selection of successire, slight, but profitable modifications. 
We con thus understand why nntnro moves by grsdnated steps in 
endowing dilferent animals of the same class with their several 
iustincts. 1 have attemptM to show how much light the priocipla 
of grodnlJou throws on the admirable architectutal powers of Iho 
hive-bee. Uabit uo doubt often comes into play in modifying 
iostiucls; but it certainly is not indispeuiable, as we see in the 
oue of neuter insects, which leave no progeny to ioliorit the effecta 
of long-continued habit. On the view of all the species of the same 
genus having descended from a common parent, and having in~ 
lierited much in common, we can uuderstaud how it is that allied 
species, when plitced under widely dilTercut conditions of life, yet 
follow nearly the same instincts ; why the thrushes of tropical and 
temperate South America, for instance. Hoe their nests with mod 
like ooi British species. On the vieiv of instincts having been 
slowly acquired tlrotigh naturiit selection, mc need not marvel 
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st BotDO iadliricta lieiog not perfect and liable to nilslnkcs, nnd al 
many instincts causing other aaimiila to suffer. 

U species be ouly weU-marted and pennftneat variutics, wo cdn 
■t ones Bee wliy Ihcir crosacd oQ^priog shoold follow ibe some 
umpld laws in their dc;p^x;a aud kinds of resemblance to their 
parents, — ia being absotUud into cocli other by BUcccssiTe croMes, 
nod in other such points, — ns do the crossed oSspring of acknow- 
led^ varieties. This eiroikrity would bo a strango fact, if Hpccles 
liftd bccu indopendonlly created and varieties bad been produced 
through secondarj laws. 

If wo admit that tho gcologicsl record is impcrrect to on extreme 
degree, then tho facts, which the record does give, Btro«)gly support 
tho theory of descent nitb mcdiGcation. New species have come 
■■M the stAgc slowly and at successive intervals ; and the amount of 
chango, after equi^ intervals of time, is widely different in different 
graupa. The oxliaction of species and of whole groups of specire, 
whiolt has played so conspicuouB a part in tho history of the 
on;")io world, almost inevitably follows from tho principla of 
natural selection; for old farms oro Eupplnnlcd by new and im- 
pro«ed furms. Kcithcr sinj^Ia species nor groups of cpccies re- 
appear when the chain of ordinary generation is once broken. The 
gradual diffusion of dominant forms, with the slow modification of 
their descendants, causes the forms of life, after long intervals 
of time, to appear aa if tbcy had changed simultaneously through- 
out tho world. Tlte fact of tho fossil remains of each formation 
being in some degree intermediate in cliamclcr between tho fossils 
io tiie formations above and below, is simply explained by Ihoir 
intermediate poiition in the chain of descent, llie grand (iict 
that all extinct beingi can bo classed with all recent beings, 
naturally follows from the living and the eittncl being the cff- 
Kpriug of common parents. As s|)ecieH hare generally diverged in 
cbaruter dnring their long course of descent and modiUcaiion, wo 
can imdentand why it is that the more Bncienl forms, or early 
progenitors of each group, so often occupy a position in somo 
dtfgreo intermediate between existing groups. Becent (brms sro 
generally looked upon aa beinp, on the wholo, higher in tho leuln 
of organisation than ancient forroa; and they must bo hi^rr, lit 
10 far •■ the later and more improved forms have conquered the 
older and less imrroved forms in the struggle for life ; tliey bavo 
aim gonenlty bad their orpans more sprcislisi'd for ditTrrcnt 
(uBCtionii TliiH fact is perfectly compatible with niimrrous boinss 
■till retaining simple and but little improved Mmctuno, fitted fcr 
«impt» conditions of life; it is likowisa compatible with tome 
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forms having retrograded in orgBnissttun, )rf buvit^ become at 
Dich stage of descent better fitted for new and degraded lisbila 
uf lire: Lattly, tbe wonderrul Inn of the long endurance of allied 
funiis an the eame coiitiii(;t]t,-Kif manupiaU \a Aufitrnlift, of eden- 
tatu in Amwica, nad other such caEe«, — is intelligible, for withJD 
the same country the oiiatiug and tlio extinct will be dcwly* 
allied by descent. 

Looking to geo;;tnpLical distribution, if no admit tlj.it tlicre baa 
liccQ during tbc long counic of ages niucli migration fnDm one port 
uf (be world to another, owing to former climatiLl and geographical 
changes and to the many occAsiooal and unknown means of dia- 
jiersal, then we can understand, on the theory of descent with 
modification, most of the great leading iacU in Distribution. We 
can itce why there should be so striking a pamilolism in the dis- 
tribution of or,^ic beings througbout space, and in their geological 
succession throughout timo ; for in both cases the betn^ have been 
connected by the bond of ordinary generation, and the means of 
modification have been the same. We see the full meaning of the 
wonderful fact, 'nhich has struck every traveller, namely, that on 
the same continent, under the most diverse conditions, under heat 
and coid, on mountain and lowland, on deserts and marshes, most 
of the inhabitants within each great class are plainly related ; for 
they are the defendants of the same progentlors and early colonists. 
On this same principle of former mtgrstion, combined in most cosei 
with modification, we can understand, by the aid of the Glacial 
{vriod, the identity of some few plants, and the close alliance «i 
many others, on the most distant mountains, and in the northern 
and southern tetrpcratti Eoncs; and likewise the close alliance ol 
some of the inhabitants of the sen in tho northern and southern 
temperate latitudes, though separated by the whole intertropical 
ocean. Although two countries may present physical eonditiona 
as cloecty similar as the same species ever require, vre need feci do 
surprise at their inhabitants being widely differcut, if they have 
been for a long period completely sundered bom each other ; for as 
the relation of orgnnism to organism ii the most important of nil 
relations, and as the two countries will have received coloutals 
at various periods and in different proportions, from some other 
country or from each other, the course of modilication in the two 
areas will inevitobly have been diScrcnt. 

On this view of migration, with siitMcquent roudilication, no 
SCO why oceanic islands are inhabited by only few sintiL's, but ul 
these, why many are pc<:uliar or endemic forms. Wo clearly 
why Bpecics belonging to those groups of auimala which 
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cross wMo npncea of the 
not inliabit oceanic iala 
poculiar species of bats, animiils which caa travcTBe the oceftQ, 



frogs nnd terreBlrial n 
DDil why, ou the other band, now and 



orteQ fonnd on iiilnnds fur dist»Dt from «n; contioent. Such c 
13 the presence of peculiar species of bats on oceanic isUnils uid 
the sbBence of all other terrestrial mainnialH, an facta utlorl^ 
iDciplicablc on the t)ieory of independent acts of creation. 

The ezislence of closely allied or representfllive species in nny 
two areas, implies, on the theory of descent with modifieation, tliat 
the Bams pitrent-forms formerly inhabited both areas: and we 
almost inToriahly find that nherorer many closely allied species 
inhabit two arens, some identical species are still common lo both. 
Wherever many closely allied yet distinct species occnr, doubtful 
forms and varieties belonging lo the same groitps likewise occur. 
It is a rule of high gcnenlity that the inhabitaDls of each ares are 
rrlnlcd lo the inhabitant* of the nearest source uhencs immigninta 
miglit have been derived. We see this in the striking rvlation of 
nearly all the plants nnd animals of tho Galapagos arcbipelnno, 
i>f Jimn Femnndcz, and of the other Amoricnn islands, to tbu 
plants and animals of tho noishbonring American tnoinland; and 
of those of the Cape do Vcrdo nrchippla^ and of the other African 
ds to the African mainland. It must Iw ndmiltcd that thtSM 
facta receiTO no explanation en tlio theory of cniiiion. 

The fact, n« wo hate seen, that all past and present orsanio beinss 
Clin ba arranged within a few great clossen, in grou|« subordinate to 
gruujw, and with tho extinct grunps often falling in between tlu< 
'Cent groups, is inleltlgiblo on the theory of natural selection ivilh 
s contingencies of extinction and divei^nce of character. Oti 
these same principles we see Low it is, that the rantual affinities ol 
the forms within each class are so complex and cireuilous. Wc 
why certain characters are far niore serricenble than othcn for 
claasiflcation ; — why adaptive characters, though of piramojint im- 
portance to tlio beings, are of hardly any important! in elas>in- 
■ in i why characters deriwd from rudimentary part*, though of 
iio »orvlc« to tlin beings, are often of bi^b clo-isiHcatiiry toIuo ; and 
why omWyologicnl oharDclfn are often the niosl valuable of all. 
The real aflinilieii of all organic beinga, in contraduilinction lo their 
adaptive resemblances, are due to inherilsknco or community of 
■lucent. Tho Katurat System Is a {Eenealogtcal arrangement, willi 
the Kiquin.'d grades of dinercnce, marked by tho terms, rarii'tUa, 
speelaa, penora, famllle), *o.j and wo ha*o to discover tho lines 
of detcmt by the mo«t permanent oharaclcrs whalonr Ibey may 
fan and of however slight vital importatiro. 
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The aimiiar fnmework of bones iu tho hand of a man, wing of 
a bat, Cd of the porpoise, and leg of the horse, — the samo number 
of vertebno fonning tho neck of the giraffe and of tho elephant, — 
and innumerable other such facta, nt once explain thomgolres on 
the theory of descent with alow and Elight sucoistiive modifica- 
tiona. Tlio similority of pattern in the wing and in the le? of 
a bat, though wscd for such different purpose,—in tho jaws and 
legs of a crab, — in the petals, stamens, and pistila of a fiowcr 
U likenisc, to a Urge oiitcnt, intelligible on tho vieir of the 
gradual motliScatioa of parts or organs, whicli were eboriginally 
alike in an early progenitor in each of these classes. On the 
piindple of successivo variation! not always superrcnio^ at an 
early age, and being inherited at a correspondmg not early 
period of life, wo clearly see why tho eml«yoB of mammalB, 
birda, reptiles, and fishes should he so closely similar, and so 
unlike the ailult forma. Wo may cease marvelling nt the em- 
bryo of an air-hrealhin^ mammni or bird having branchial slits 
nnd arteries running in loops, like those of a fish which fans to 
breathe the air dissolved iu water by the aid of well-developed 
hranchiie. 

Disnse, aided sometimes by natural sclectiou, will often hava 
reduced organs when rendered useless tmder changed habits or 
conditions of lifo ; and \vc can understand on this view tira meaning 
of rudimentary organs. But disuse and selection will generally act 
on each creature, whi^n it has come to maturity and has to pby ila 
full part in tho stru^lo for existence, and will thus have litlla 
power on an organ during early life ; hence the orgui will not bo 
reduced or rendered mdimfintary at this early age. Tho calf, for 
instaocc, has inhcrilcd teeth, which never cut through the gums of 
the upper jaw, from an early progenitor having well-dovetopcd 
teeth ; and wa mny bclJOTo, that the teeth in the mntiun animal 
were formerly reduced by disuso, owing to Iha tongue and pnlat^ 
or lips, having become excellently fitted through nntuml selectioa 
to browse without their aid; whereas in tho calf, tho teeth have 
licen left unalTectod, and on the principlo of inberitnnco at cor- 
responding ages have been inherited from a remols period to 
tlie present day. On the viow of each orKSnism with all its 
separate parts having been specially created, bow utterly iDCX]ilir- 
ablo is it that organs bearing tho plain stamp of inutility, 
ai tho teeth in the embryanie calf or the shriTollcd wings cn<1er 

! soldered wing-covers of many beetles, shonld so frequently 
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I hftve DOW recapilitlatod tlie ficts and considcmtioDi wlucb kavo 
thoroughly convinced mc tliat species have been nvodifiod, daring a 
bag course of descent. Tbia has been effected chiefly Ibrough the 
imtumi Belection of numerous eucccKsive, slight, fRvourable varia- 
tions ; aided in an important manner by the inherited eSecta of the 
nse and disuse of parts; and in an imimportAnt manner, that iu 
in relation to ndapiira strncturoB, whether ]«st or present, by tho 
direct action of external conditions, and by variations vhich eeem 
to us in our ignomnce to arise spontaneously. It appears that 
1 formerly nndenatod the frequency and vnluo of Uieeo latter 
forms of variation, as leading to permanent modificiitions of struc- 
ture indei)eadeiitly of natural selection. But as my eonclusiona 
have lately been much misrepresented, and it Las been statrd 
that I attribute the modiGcntion of species exclasively to natnml 
n-lection, I may be permitted to remark that in the first edition ot 
tills work, and snbecquontly, I placed in a most conspicuous posi- 
tion — namely, at the close of tho Introduction — llio following words : 
"I am convinced that natural selection has been the main but not 
the exclusive means of modilicatioii." Q'hia has been of no avail. 
Great is the power of steady misrcpruscnlalion ; but the history 
of nuienca shoiva that fortunately tliia power does not long endure. 

It can bardty be supposed that a faUe theory would expUin, in 
so satisfactory a manner na docs the thi-ory of natural selection, the 
HRTcral largo claaees of facts above specified. It haa Kcently 
been objectnl thai this is nn unaarc method of arguing; but 
it is a method used in judging of the common events of life, anil 
has oft«n been uso'l by tbo t^reatcet nainral pliilosophera. 1'ho 
nodulalory theory of Uglit has thus been anii-cd at ; and tha tieliar 
in Iho revolution of tho earth on ita own asia was until lately 
supported by hardly any direct evidenco. Jl is no valid objection 
that science as yot throws no Vinht on tho far higher problem of tho 
essence or origin of life. Who can explain what is the dsscom of 
the attraction of i;ravity ? No oue now objects to following out the 
rrHuits consequent on this unknown element of attraction ; nol- 
withatanding that Leibnita formerly accoscd Newton of Introducing 
" occult qualities and miracles into philosophy." 

I see no good reason why tho views given in this volnmo should 
shook the religious feolings of toy one. Jl is aatiafoclory, as 
•bowing bow transienl such impivssion* ft 
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attraction of graviiy, nv also attacked by LclLnitK, "as anV 
vtrsivo of natural, and Jnrerentialljr of rct'calnl, rclisioa." A od«- 
brat«d author and diTuie hoi written Ut mo that " iic haa gndn^ljr 
" Icomt to aee thai it is just as iK^blo a conception of tho Deity lo 
" lielieve that lie created a few ongiiul funns capable of wlf- 
" defelopment into other and needful forms, as lo boliove that U« 
" roquirod a frcah act of crcntiou lo^ujiply ibe volda caused hy Ibo 
" action of His laws." 

Why, it may be OEktd, until recently did nearly all the vaoA 
emiocut Uvins natntaliEts and gcologiats disbelioro in the mnta- 
bility of ipccipe. It cacDot bo asserted that organic bein^ in a 
■lale of natnre are subject to no varialion ; it cannot be prored i 
that the amount of Toriation in the course of long ages is a limited | 
quantity ; no clear dislinctioD has been, or can be, drairD betweea I 
Rpeciea and well-marked varieties. It cannot be maintained that 
•pede* when iutorcro»wd are invariably sterile, and varieties in- 
variably fertile; or that sterility is a S|.KiciBl endowment and sign 
of crealion. The belief that species were immatabUi pioductiona 
was almost unavoidable as long as tho hietory of Iho world was 
thought to be of abort dumtion ; and now that we bave acquired 
home idea of the lapse of time, wo ore too apt lo assume, without 
proof, that tho gcolusical record is so perfect that it would have 
afforded us plain evidence of tho niulntioa of speviea, if they had 



But the chief cause of our natural unwillingness to admit that 
one species baa given birlli to othi-T and distinct species, is that no 
nre always slow in iwlmiiting grtnt changes of wliicU we do not nc 
tho stepa. The difficulty is tbe s.imo as that felt by so many geo- 
logists, when Lycll first insisted that long lines of inland clilEi had 
livcQ formed, and ^eat valleys excavated, by the agencies which 
wu see still at work. Qlio mind cannot possibly giosp the full 
meaning of tho term of even a million years; it cnnnut add up and 
)ierccivo the full elTccts of many slight variations, accumulated 
during an almost infinitL' number of pincrations. 

Although I am fully convinced of the truth of (he vii-ivs given in 
this volume under the form of an alvtrscl, I by no means expect 
to convince experienced naturalists whose minds are stocked with 
n multitude of facts all viewed, during a lung course of yrara, from 
a point of view directly opposite to mine. It b so cosy lo hide our 
ignorance under such expressions as the "iilnnofercatiiiu," "unity 
of desigu,** &o., and to think that vre give an cxplauutioo when wa 
only re-slate a fact, Any one whose disposition leads him to attnoh 
mote weight to uueiplaincd dilBcultics tliun to tho uiplnnntiun uf 
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a Mrlftin number of facts (rill certainly reject Uie tbcory. A few 
naCuraiisto, endowed witli rauch flexibility of mind, and who hitve 
niready begun to doubt the immutability of Bpocics, may be in- 
Kusricodby this voloine; but I look with confidmce to the futare, — 
to yonng and risint; natiiraliits, vho will be ab!c to view both «dce 
of the question nilh imiBrCiality. Wboevor is li<d to believe tbut 
B]Kcieg are mutnblo will do good sen'ice by conEcientioiuIy ex- 
prciaing his convictioD ; for thua only chq the load of iircjudice by 
which this robjcct is orer whelmed be reinored. 

SoTeral eminoDt naturalists iinvo of kte publiiiicd their belief 
that a muUituda of repntud species ia each f;cnii3 are not real 
upecies; bat that other species aro real, that is, have been iode- 
pcodently created. I'his seems to me a strange concloHOn to 
arrive at. They admit Ihnt a multitude of forms, which till lately 
Ihcy IhcmBclves thought were special creations, and which are still 
thus looked Dt by the majority of naturalists, and which COnsc> 
(jucntly have al! the external chamctcriatic features of true species, 
— they admit thst those have been produced by variation, but they 
rrfuse to extend the samo view to other and slightly different forms. 
Nevertheless they do not pretend that they can define, or even 
conjecture, which are the created forms of life, and which are Ihow 
produced by secondary laws. They admit variation as a vcfd cauni 
in one cose, they arbitrarily reject it in another, without assigning 
any distinction in the two coses. 1'ho day will come when this 
will be given as a curious illustration of the blindness of precon- 
rd opinion. Uliese authors seem no more startled at a mira- 
culous act of creation than at an onlinary birth. But do thvy 
really believe that at innnracrable periods in the earth's bUlory 
certain elemental atoms have been commanded suddenly to flash 
into living tiisiica ? t)a ihcy believe that at each supposed act of 
cmition one individual or many were produced? Wen all tlin 
infinitely numerous kinds of animaU and plant* croatcd as c^ts or 
seed, or as full grown ? and in tlio case of mammals, wtro tlicy 
[treated bearin;: the faleo marks of nourishment from the mother's 
womb? Undotibtcdiy twine of these same questions cannot bi> 
answered by those who believe in the appearance or croition of only 

I few forms of life, or of some one form alone. It has bocn main- 
tained by sevamt authors that it Is as easy to bolioi'Q in the creation 
uf • inittion beings as of one; but Uau pcrtiiio' pliilosophical 
niiotn*'or losst action " leads the mind more wllllngiy to adtuit 
the smaller ntimber; and certainly wo oui;l>t not to brllovo that 
Innamerable bcintts within each ^^ruat cbsi hnt-c been created 

■rith plain, but dooeptivc, marks of dowcnt from a single pnrrat. 



At a record of a former atato of thin^, I liavo rettuned in tbo 
furcgoing pusgraphE, and elsewhere, scTernl sentonccs which im]>]j 
that nnCoialJEts believe in the sqiniate creation of each ipecie* ; and 
I hare been mnch censured for havian ibus expiGased myself 
Ilut undoubtedly this was the general belief when th« first 
odition of the present work nppCBrod. I formerly spoke tOTery 
many luituraiista dd tbe subjn^t of evolution, and never once met 
with say EymiAtlielic ug"'^''"'''^ ^' ■' probable that aoma did 
then believe in erolulioo, bat they n-cre either silent, er expressed 
thenuelrcs eo ambiguoasly that it was not easy to undcntaad tbeir 
meaning. Now thinga are wholly changed, and almost erery 
naturalist admits the great principle of evolution. There ftre, bow- 
over, Botno who still think Ibivt spcdcG have suddenly given hirth, 
through quite imexplained means, to new and tololly diCTerent 
forcus : but, aa I have attempted to aboiv, weighty evidence ctn be 
opposed to the admission of great and abrupt modifications. Under 
a acientifio yoiat of view, and as lending to further inreatigation, 
but little adTontai^e is gained by believing that new fonoB nr« 
suddenly developed in an ineiplicahlo tnanner from old and widely 
different forms, over the old belief in the creation of B^iccies from ^ 
the dust of the earth. | 

It may be askod bow far I extend the doctrine of the modification ' 
of species. 'Xhe question is difficult to answer, becanse the mors 
distinct the forma arc whieh we conuder, by so mnch the argomenti 
in favour of community of descent become fewer in number and less 
ill force. But some arguments of tbe greatest weight extend very 
far. All the members of whole classes are connected t<^tfaer by 
a chain of affinities, and all can be classed on the same principle, 
in groaps subordinate to groups. Fossil remains sometimes tend 
to fill up very wide intervals between existing orders. 

Ur^na in a rudimentary condition plainly show thnt an early 
progenitor had tho organ in a fully developed condition ; and this 
in some cases implies au enormous amount ot modificstioa in 
tbe descendants. Throughout whole classes TariotM etrtiotnrcs nro 
Ibrmed on tbe same pallem, and at a very early a?e tbe embryos 
closely resemble each otber. Therefore I cannot doubt that tlie 
theory of descent with modificaUon cmbrnccs all tho members of 
tbe same great class or kingdom. 1 believe that 
desoendcd fmm at most only four or five progcnitoiB, and planu 
from au equal or lesser numbei. 

Analogy would lead me one step farther, namely, lo the belief 
that all animals and plants am descended from some one jirototyp*. 
Bat analogy may be a deceitful guide. Nevertlielosj all livintfl 
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things have much in common, in their chcniiciil conipoBition, their 
ccIIuIat itrucCure, thoii lans uf growth, uiid their lialnlitj to io' 
jurioui influencGx. We esc this even in to trilling a fact as that tha 
Muce poison eflen similaily aBccIs plants and animals; or thnt 
the poison secreted by the galUlly produces monstroua growths 
on the wild rose or oak-tree. With all organic beings, excepting 
perhaps ninio of the very lowest, sexual roprodnction seciDS to be 
casentiaLlj similar. With all, aa far as is at present kooirn, the 
germinal vcElcle is the same ; ao that all organisms Etart from a 
comiDOD origin. If wb took erea to the two mala dlvisiaoa — 
iiametj, to the animal and Tegetablo kingdoms — certun low forms 
are so far intermediate in character thnt naturalists liavo disputed 
to which kingdom ihcy should ha rafened. As ProfcEsor Am Gray 
has retnarked, ** tha spores and other reproductive bodies of many 
"of the lower alge may claim to have Srst a characteristically 
"uumal, and then an imoquivocatly vegetable existaDco," lliore- 
forc, on the principla of natunii selection with divergence of 
character, it does not seem iocredible that, from soma scch low and 
intermediate form, both animati and plants roay hnro been de- 
veloped i and, if we admit this, wo miiat liketvise admit that all 
the or^nio hcin^ which have ever lived on this earth may bo 
descended from some one primordial form. But this inference is 
chiefly grounded on analog, and it is immaterial whether or not 
it bo accepted. No doubt it i« possible, as Hr. Q. H. Lewes has 
urged, that at ilic first coinmcncoment of life many different forms 
viae evolved ; but if ao, we may conclude that only a very few 
have left moililli'd descendants For, as 1 have recently reiuiirknl 
iu roganl lo the momlwru of each great hlngdoni, such as Ihe 
Vcrtebratft, Ariicnlato, Stc, we have distinct evidcnco in their 
ombryologicnl, hoinoiofons, and rudimentary structures, that 
within enoh kingdom all the members arc descended from a lingla 
progenitor, 

Whan iUd views advanced hy me in this voium<>, and by Hr. 
Wallace, or when onnlogous views on tha origin of species are 
gcnarally admitleil, we can dimly foretea that there will bo a 
conndenihle revolution in natatal history. Systcmatists will be 
nbio lo pursue their labours as at present; but they will not 1* 
incessantly haunted by the shadowy doubt whether this or that 
form be a true species. I'his, I foel siue aod I speak after oipetieocc, 

ill be no slight relief. The endless disputes whether or not taa.e 
fifty ■pet.ica of llriiish brambles are good Bpecie« will ocose. ^yrXe- 
matisT* will have only to decide (not that lliis will be cmv) whctliei 
siiy fiitm be Kufiic'eotly connt-int aiid (l^iilinct from oiliT f'it»i«, 
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(o be capable of dcfinilioi]; and if definable, nbether the diflerencas 
be niffideDtly hnporttnt lo dcaenrs a specific came Tfai* loiter 
jniot will become a tax mi>re esseatial conaideratioQ Ihan it b at 
nrcMDt ; for diOereoee*, bowevrr Blight, between any two form^ 
■r Dot blended by inlenncdiata f^radatioos, are looked at Ljr meat 
mttu>lUt« 01 BuSicicnt to raise both fonns to the rank ot (pedes. 

Ueraafler we ahall bo compelled to acknowledge that Uie only 
distinction between apedes and well-marked Tarteties is, that tlie 
latler are kdown, or believed, to be connected at the present day by 
iutcnnediate gradations, whereas species were formerly thus con- 
nected. Hence, without rejecting the coDaderation of the prcKot 
eitstenco of intermediate gradations between any two fonns, wo shall 
be 1«1 to weigh more carefnily and to value bigbor the actual 
amount of difference between them. It is quite possible that fumis 
now generally acknowledged to be mcrciy varieties may hereafter 
be ihonght worthy of speciSc names ; and in this case scientiGe and 
common lonjiiaso will come into accordance. In short, we shall 
have to treat species in the eame manner as these natomlists treat 
genen, who admit that genera are merely artiSctai combiaatiotis 
made for oonrcnicnce. Ttds may not be a cheering prospect ; hut 
WB shall Bt least be freed from the vain search for the undiscovered 
and undiscoverable essence of the term specieo. 

The other and mora goneiat departments of nottiril history will 
rise greatly in interest. The terms used by naturalists, of affinity, 
rtlDtlonsblp, commnnity of type, paternity, morphology, adaptive 
characters, rudimentary and aborted organs, Ic., will cease to bo 
metaphorical, and will have a plain signlQcation. When we na 
longer look at an organic being be a savage looks at a ship, as somo- 
Ihintt wholly beyond his com prehension ; when wo r^ard every 
production of nature as one which fans bad a long history ; when ne 
contemplate every complex structure and instinct as the Eummii)); 
lip of many contrivaoces, cock nseful to the possessor, iu the anmu 
way as any great mechanical inveniion is the summing up of tho 
l»Iiour, tho eipcrience, tho reason, and even the blunders of nume- 
roils workmen 1 when we thus view ench organic being, how far 
more interesting, — I speak flora espericnce, — docs tho stu<ly cf I 
natural history become ! 

A gmnd and almost unlroddon field of inquiry will Iw opcncil, on 
the causes and Liws of variation, on correlation, on the cffi^tB iif uim 
and disuse^ on the diicct action of oxlemal conditions, and so forth. 
1'hu study of domestic productions will rise immensely m value. A 
new variety raised by man wiU bo a more iroi»rtant and inlofealing 
subject for stuiiy tUna odd more si>cuies aildcd to the infinitude <■' 
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nlroady recordod E]<ccU'a. Our clasaifications will come to be, as fur 
US tbcy con be so luade, geacalogie* ; and will tliea truly give nhNl 
10117 be called the plan of creation, lira rules for claul firing will 
110 doubt become simpler when we have n definite object in view. 
We poweaa no pedi<;rce3 or armorial bearings ; and we have to dis- 
cover and trace tbe many diverging lioea of deacent in our natural 
gacoalogiea, by cbaractcra of any kind wlucb bave long been in- 
herited. Itudimentary organs will apeak infallibly with respect to 
the naturo of long-Ioet sUucturca. iSpecies and groups of sprcics 
which arc called aberrant, and which may fancifuUy be called living 
fossils, will aid UB in farming a piclnre of the ancient forms of Mh. 
Kmbryology will often reveal to us the structure, in some degree 
obsoartd, of tbe prototypes of each gre«l claaa. 

When we can feel assured that all the indjviduala of the snme 
iipecies, and all the closely allied species of roost goiiera, have within 
a nut very remote period descended from ono parent, and have 
migrated from some one birth-place ; and when vre heller know 
the many means of mi|^tion, then, by the light which geology 
now ibrowa, and will continue to throw, on former cban}i;cs of 
ctimote and of the level of the Land, we shall surely be enabled to 
Intce in an admirable manner tho former migrations of the inhalii- 
tanta of the wbola world. Even at present, by comparing the 
diSeienccB between the inhabitants of the sea on tho opposite aides 
of a continent, and the nature of tho various inhabitants on that 
continent in relation to their apparent means of immigmtinn, soiiio 
light can be thrown on ancient geogtnphy. 

The noble science of Geology loses gtory from tho extrenio 
imperfection of tbe rcoord. The crust of tbe earth with ii« em- 
bedded remains must not be looked at as a wcll-Bllod miisenin, but 
asapoorcoUcclion mode at baaard and at rare intervals. Thoaccu- 
mnlaiion of each great fussilifcrous formation will be recognised as 
having depended on an unusual ooncurrcncA of favourable < 
slanctw, and tbo blank intervals between tho succeasivo stages as 
having been of vast duration. But we shall be able to gauge witli 
some security tbe duration of these intervals by a ci>nJ|iiirison of 
tho ]irecediQg and succeeding organic forms. We must be cautious 
in attempting to correlate as strictly contemporaneous two fonna- 
lionit, which do not include many identical species, by the Rrneral 
*ncc«)B)on of the forms of life. Aa apeciea Are produced and ex- 
terminated by slowly actiag aud still existing cause*, and tiot by 
miracnloua acta ol creation ; and as the moat important of all c 
uf organifl change ia oita which ia almost independent of altend 
and i«rkiiis tuddouly altered physical conditions, namely, the 
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matDit relitcida of orgnDlsm to orfsniim, — tbo inprDTcment of 
one orginkm entailing the improTemrot or the ext«niiiiutioii 
of othen ; it foUowB, that the ninoQiit of oTTania change in lita 
fowlla of conBMUtiye fonnstiaat protablf scrr^s u s fur mesrara 
of the relative, though not Mitnal Upee of time. A nmafacr of 
■peeies, however, keeping in a body might remain for a long period 
unobKigcd, whilst within the some period, several of theae ipodea, 
by migrating into VJiw cotintriea and coming into competition vitL 
foreign assoetaCcE, might become modified; to that we niiat not 
overmte the accamcy of or^nic chan^ as a toeasDre of Ume. 

In tliQ future I see open fields for far more important lesEarchea. 
Psychology will bo eecorely baecd on the foondation already well 
laid by Mr. Ilcrbert Spencer, that of the Decessary acquirement 
of each mental power and capacity by gradation. Mach light will 
be thrown oo the origin of man and hia history. 

Authors ot the highert eminence seem to be fully satisfied with 
the view tlist each species has been independently created ^'o my 
mind it accords better with what we know of the laics impiesBeti on 
matter by the Creator, that the prodaclion and extinction of the 
past nod present inhabitants of the world shoold have been due to 
secondary causes, Uke those determining the birth and deoth of the 
individuaL Wben I view all beings not as specinl crcatioca, but 
as the lineal deeceodanta of some few beings which lived long beCbra 
the lirtt bed of tbe Cambrian system was deposited, they seem to 
me to become ennobled. Judging from the past, we may safety 
infer that not one living species will transmit its unaltered likeness 
to a distant futurity. And of tlie species now living very few will 
tranamit progeny of any kind to a far distant futurity ; for the 
maunoi in which all organic beluga are grouped, shows that tbe 
poater number of apecics in each genus, and all the species in 
many genera, have left no descendants, but have become utterly 
extinct. Wo can bo far take a prophetic glance itito futurity as to 
foretell that it will be the common and widely-spread species, 
belonging to the larger and dominant groups within each class, 
which will ultimately prevail and procicntc new and dominant 
Bjecioa. As all the living forms of life are the lioonl descendants of 
tliuse which lived long before the Cambrian epoch, we may feci 
CLTtain that the ordinary succession by generation has never once 
licrn broken, and that no cataclysm has desolated the wbolo world. 
Hence Wo may look with some confidence to a secure future of 
^rcat leogth. And as natural selection works solely by and for tha 
good of each being, all corporeal and mental endowments will tend | 
to I'rogrcH lowarda perfection. 
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It is inlcrcBting to cnatemplate a tangled hmk, clothed with 
niony plimts of miiuy kinJs, wilh birds singing on the buihcs, witli 
vgjious iasocts flitting alxiut, aod with worms crawling through 
the damp earth, and lo reflect (hat tbuse elaboratvlj conslrucluil 
forms, so diETercnC from each other, and dependent upon each olhiT 
in HO complex a manner, have all been produced by laws ncliog ■ 
uoiind us. These laws, taken in the largest sense, being Growth 
ivith Beprodnction ; InhcritUQCO which is almost implied by repru- 
iluction; Variubitily from the indirect and direct action of tbcoou- 
ditioUB of life, and from nic and dinuso : a Baiio of Incrcose so high 
na to lead to a Struggle for Life, and as a consequence to Natiinit 
Selection, entailing Dirergcnco o^ Character and tbo Kxtinctioo of 
Icss-improTed forms. Thus, from the war of nature, from fumioo 
and death, the most exalted object which wo ore capable of con- 
ceiving, namely, the production of the higher animals, directly 
follows. There is grandeur in (his view of life, with its several 
powers, having been originally breathed by the Creator into a few 
fonns 01 into one ; and that, whilst Ihis planet has gone cycling on 
according to the fiicd Inw of gravity, from eo simple a bediming 
eodle«s forms most beanlifiil and most trondcrful h);va been, ud 
•ra being evolved. 
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PEISCirAJj SCmSTIFIC TERMS USED IN THE 
ritESENT VOLUME.' 



«il, in- 



AbeRraXT. — Kotmi or groapi of animalt or planti which dt 
portuit chimcttn from thfir nesmt mlliu, (o m not to b 
cJuded in tb< Buse group Rith tliciD, ore uid to ba ■bctnni 

AOERBtTiOX (iR Optio). — In th« nrracllau of light I; & coDTti teu Uta 
nft pwing throogli different parts of the IcDi aicbronilit to aCwus Ht 
■lightly dil&rcnt diitiDGO, — thii b called ^Aerical atertatifii ; it tht 
Hme time Ui« coloared ray) >ra Kponitcd by the priimstic action ot 
the leu am] likewite brought to IL /octu at diOcrent diitaoco, — tbi* 1* 
chromatic aberralion. 

Auxoiuul. — Ccntraxy to the general rule. 

ADObThD. — An organ la Mid to be aborteJ, when iti deielopment hu Wn 
arretted at a taj e»rly *lage. 

ALiiiictBiL — Alblnoi are BDimili in vhich the iun*t rolourin* mftttera 
characteristic of the apccien hare not been prodaced ia the skin and ila- 
nppendigca. Albinism ia tbe itate of being an albino. 

AliO^. — A clan of pinou including the ordiaary sea-weedi and the Hla- 

AlthbhatiO^ op GEiTEitATIOira. — Thii term ia applied to a peculiar moile 
of reprodnctian which pre vaiia amoug many of the lower animali, ia 
which the egg produce! a tiring fom quite different from ita parent, but 
from which the parent-fona ia reproduced bj a proceta of budding, i>r 
ly the diriaion of the aubatance of tba fint product of the egg. 

Ahxonites. — A group of faasil, ipiral, chambered ahelli, allied to the 
exiatJng pearly JfautElua, but having the partitifnu between the ciiam- 
ben waved In complicated patleraa at their junction with the outer 
wall <>f the ahell. 

AlIA LOOT.— That rcMmblimce of elmctunn whldi ilepeodi npon aimi- 
Urily of function, aa in the wingi of inaecla and birda. Such structurea 
nre aaid to be aaalagaiu, and to tie anulaijiKH of each other. 
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the microKopc. 
AMSEUM.— A clan 
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■nrTare of (lie bmlj eihibiu ■ 
r Mgincnts, Eentnillj provJ[l«l 
pill. It IndDdet tb* ordinurf 



I 



wilh appcDdages for locomoMo 

marina wormt, (he HuUnroims, nuu lhv lECLani. 
A1ITEIIK.S. — JoiDted orgima appended to the head iu luwcis, CnuUeui *vA 

Ctntipsla, and not belonging to tha mDntli. 
Antiierb Tbe saainilti of Ibe gUmtiii uf Bawcn, la wbich Ib« pollen or 

rertiliiing duit is produci.'d. 
Aplacektaua, API-iCEiruTA or ApLuental Mnnunaii. Sm MumnaHa. 
AhcmvtypaU'—0£ dt belonging to tbe Archot}^, or ideal pHmillve form 

upon vhich all the beicigi of > groop seem to be orgaoiied. 
AlETiciTLATA. — A gr«Dt diviiioD of the Aniuul Kiagdom cbaracteriMd geite- 

rally hjr hariiig tbe inifaea of tbe body diTided IdIo ring), dlleil xg- 

menti, a greater or leu number of ivbich are funUihed witb jointed ]tgt 

(luch ai Iniects, CnulacsaiK »aS OaUpedea). 
ASTHXEmicil.— Hnring the two side* nnlilie. 
Atbopuieo. — Arrcited in doTclopment at a Tcrf enllj' itog*. 

Biunm. — The genui inclading tbe eommoa Acorn-ihelli which lite in 

abandauce on the roelu of the ua-coaat. 
BAnuCHijtm. — A tint ofaninuli allied to thu Replilei, bot ondergoing 

a pecnliii Dutaniorphoiii, in vhich the voung nnimal it generally 

aquatic aid bnuthei by gilli. {Ejramplet, Frogi, Toads, and Novli.) 
BotfLDERS. — Large traniportod blocks of itooe gCDerall; imbedded in citjt 

or grareli. 
BiucuiopoDA. — A clans of marine Molluica, or tofl-bodlcd aulmils, fiir- 



•hrll, a 






■ubmarine objeci 



by R lUlk 



I Taltu, and liimiihtd 



with fringed arms, by the action of which food i 

BnAXcmx. — Gills or org.ins for rc<jilrallnn in water. 
BnAKUIli&l. — Pertaining to gills or bruiiiJiiic. 

ClMBRuir Ststrk.— A Serits of lorj^ auciFnt rnlanmlc rocks between ih* 
Ijiannllia and the Silurian. Lalil lacualiy tlieso were ri-gsrdad *t * 
the sblait lauliferou* nolu. 

CjkHiDJC^-Tlie Dog-finnily, looludlng tbo Dog, WdII^ Ka>, Jackal, tn, 

CAaAP«Ct:^-Tb* ehall enTalouing the anlerior part of the body la Crnsla- 
eaUB generally; appliod also to the bard (holly pieces of the Cirrl|wd«. 

CAMmttrKMiUS.— This term Is applied to lbs great formation wblch 
Includes, among other rocks, (he oonl-miiunrv.i. It belong* (o tlit 
eldest, or l'alB«aoJa, eystoni of forciutioDt. 

Caciiai. — Of or belonging to the taiL 

CKPIULOFOnL^Tha highot clut of lb* UoHoicr, ut >on-lH>liod aDimali, 
ebincttrimt by hATlug the mouth tiin'ouadvd by a grealar ur Itas 
snmbn of fleshy ama or leatsclM, which, In most IItIoj apoeia, an 
funlslied with aucklng-eup*. (Sxamplet, Cuttlo-llsh, NeuUlua.) 

Cetacxa.— An order of Uamoinlh, Inrludin; Iha Whslee, Dolpbint, J»-,, 



lik. 



oulcu, barrj- 

OOCOON. — A out D90»11f arsUkr materinl, in which iiuecti are (nqnCLllf 
envelnpod during the »emnd or rerting-it^e (papit) of their exliUaca. 
The term " cocooo-itBge " ii here nied u eqnivnltat to " pu[N>-tUlgo." 

CcELOSPEDUOCS.— A term ipplied (0 thow fruit* of th« UmbtUllcne 
which hara the Had hoIlDVal oa tha inner fni». 

COI.EOPTEBA. — Beetles, an order of InMcts, having a biti 



(, fom 






back. 



r, and uiiull; meeting in a Btfuight line down the middle of th« 
:b th< It 



CoLUUN. — A pecniiar organ in the flowen of Orchidc, in vhici 

ttjile and ttigmA (or the reproductive parts) art nsitcd. 
Ctmrosnx or CoiiroeiTOGa PLxtm. — Planti in which th* inHoreioene* 

coniiiti Df nDmerDOi iinall ilowen (flonli) brought together into a 

dcDsa bmd, the bau of which i) enclosed by a commoa enTelope. 

{Eiamplei, the Daitf, Dandelion, &c.) 
CONFEBV*. — The filflmentoua weedi of fresh water. 
COKOLOMEIUTE. — A rock made up of fragmeata of rotk or pebUe*, ' 

cemented together hj awne other material. 
ConOLLA. — The BEcood envelope ofn flower, u.taaUr cnrnjioJied of cotoureil, 

leuf-lika orEau (petals), which may be united by their edges either in 

the basal part or throughout. 
CORasl^ATtOX. — The normal coincidence of one phenomenon, chonctor, £c, 

with another. 
CoRTun. — A bunch of flowen in which thine ipringing from tho lower 

part of the flower stolk ore supported on long tUlka » u to be neBi-lf 

on a level with the upper ones, 
Corn-EDOMS.— Tha first or eead-laavoJ of plant*. 
tJuunAGEANB, — A class of srticalnted animals, hnvin; the skin of the bodf 

generally more or less hardened by the dapotition of calcxrtou matter, 

breathing by mean* of gills. {Exampla, Cnb, Lobitu, Shrimp, tic.) 
CfBCtlLiO^ — The old generic term for the Beetles known aa WeerfU, cha- 

r.icterised by their four-jointed feel, sud by the head being prodnoed i 

into a sort of beak, upon the siJes of which th* or ' ' 

Ctnutsam. — Of or belonging to the ikio. 



UEORiOiTTO!!.— The Wearing down Pf land b 
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DeSDIUTIO.s. — Tho wearing sway erthBinrfiicoof the land bj vBtrr. 
DevokiaX SiSteM or fonmtioii. — A icriu of Pilmouic rocki, iDClDdiiip 

til* Old Ittd Sonditone. 
DicoTirtEBOxs on DioOTTi-EDOSors Pusra. — A closa of ptuiU chnncMr- 

iitd by hiTing two tead'icaTn, by the fonrntioB of new wood betwcfn 

Iba buk and ths old vood (eiDgEuDU* grOHth) and by (be reliculiition 

of the Tcinii of the Uavei. The pact* of the dowtn an gtaeraUy iu 

multiplt* of fire. 
DiFFEnENTlATiDH. — The Mparatioa oc dUcTiinlititian of parti or organi 

which in tlmpler fomii of life are more or leu united. 
DnORPUIC. — BaTJnf! tvo dlslinct fomu. — Dimnrphiini !■ the conditioo vt 

the ippesrnnce of tho uine ipeciea nnder (wo diiilatllur forms. 
DutCiOCS, — Hering tho orgam of the seiei ojion dialioct inilLridunli. 
DlORTTC. — A peenliar form of Greetiitonc 
DoBSAi. — Of or beloDgiog to tlie buck. 

Edestat*. — A p«nliar order of QundmpeJi. chnrnclerJsed by the ahjenci 
of It leiut the middle IsdMr (front) tetth in both jsvi. (_£xamplei, 
the Sloth* and Armadilloa.) 

ELmtA. — The hardened roie-wingi of Beetle), nn-ing u tbeathi for Ihc 
roenbranoui hind-wingt, which camtltate the true or)iaiu of Higbt. 

EjIBBYO. — The yoimg oninul undergoliig derelopment within Ihe egg oi 

EHDBTOLOar. — The «tudy if Ihe dexclopinent of Ibo ombryii. 

EsDEMiC. — Pecoliar lo a gircn locality. 

EyrOKCWnncA. — A division of the clui Crustacea, haTin? nil Ihe »eg. 

menta of the body utDAtly dlMisct, gUli alUched to the feat or orfiini 

of the mou(h, lud the f<et fringed with fine halra. They are gesentlly 

of soull tllft. 
I.I1CC<[E. — The earlicti of Iho three diviilons of the Trrtfnrr epoch of geolo- 

giiu. Itocki of ihli agg cnnuia a tnuU proporticMi cf shells Identical 

with speciea now liring. 
KpHejiciwcb IssECTB.— Inwcts allied lo the SI»y-fl 

Fauxa. — Tbe totality of Ibe bdIiiuU B-itDmllr Inhebiting n nrlnin 
country or region, or wbidi have lire<l durln;; n glrcD geeloglnl 

tajox.—Tht Cat-family. 

KniAt. — Ilaiing bcoom* wild ftom a alale of cDllivatlon or domestlniliua, 

Floiu.— The totality of the piinti growing naliirnlly In a conntry, or 

during a giTeo geological pcrluJ. 
Ki.ORin& — Flowen imperfectly darelopKi Id eonie retpeeti, and eollecileil 

lalo a denee ipikt or head, u in the <!msses, Ihe Dandelion, lie. 
FiRAl. — Of or belonging to tbe falue, or embyis in course of deT*to;>- 

incaL 
FoltAHnnrKMA.— A ctaM of animals of very low orginlHtlon, and teatnlly 

of tmall lite, baring a jelly-like bodv, ftotn tbe nirhc* of which deli. 

cale Blamente «a be girea off and rctract«d for the prehcuion of 

oMrasI object), nod aaring ■ caleareoua or aapdy ehall, niBtlly 

diTided into chambers, and perjoratcd wilb small aptrltuw. 




FoslUFcROUS. — ConUiniog tomif. 

Kiiaoaui. — HuriDg a (acult f of (Iifr|[iog. Th« Fosurlal BpD«iopt*n ura 

4 groQp of fVuplikti LkKcts, vhich burrow in uodj Aoil to fnokfl neiU 

for their yoUBg. 
Kbekom (pL Fke>i*>— A mwll buid or fold of lUii. 
FOKQi (line. FlifOiTB). — A ciau of cellulnc plaot^ ef vbich Utuhnouu^ 

To^liuU, and Uouldi, in runiliir UUDjilci. 
FDEuruLA.— The forked buiie formed by Ibe ouiod otlbv. collar-bi 

blid), indi a> tba atniaiaa KowL 

OALLtNACCOCB BiNU*.— Ad order of Birdi of which tba c,oiDiiiDn Ton 

Turkey, and rheiuint, iire well-known emniplei. 
G*LLUB.— The gCDDj of birds which iudadtt Ihe cammoD FnwL 
GinoLiox.—A iwelling or knot Amid wbiob Derm uv gireB off ■* from ■ 



eDin'i'lteJ booy fcdia. 



Gjisom FiSHEi. — Fiiho Mrerid with pacnlini 

Uoel of th«ia are eitinct. 
GtHSHSAi, Vesicle.— A minnle reside in [he eggi of Miiin»l»,fn«n which 

the derelopmcnt of tbe embyro proceeds. 
GLAOiit Pehioo,— A period of great cold and of enormona citension of 

Ice upon the sarfice of the earth. It U bel)tv«d that gladal periods 

hart occurred repeatedly daring the geological history of the earth, but 

the term ii generallT applied to the close of the Tertiary epoch, vhita 

nearly the whole of Fumpe was gnbjectod to an arctic climate. 
Gla^id, — An organ which secretea or sepantet some pecoiiar product from 

the blood or sop of animals or plants. 
Gu>TTU.^Th« opening of the viodpipe into tbc (ciophogni or guIlcL 
GNEISS. — A rock approaching granite in composition, hot more or less 

Inminated, and really produced by the ulLeralion of a sedimentary 

deposit after its '* ' '' 

CnALLATOREa. — The so-called Wading-birdt (Storka, Cranes. Snipes, be), . 

which «r« generally furnished with long legs, hart of fealbora abom^ 

Ihe heel, and hiTe no membranes between the toeik 



a maw of qnarti. 
Kin IT AT. —The loci 



ssseatialljr of crystals of felsjiar and raica 



which a plnnt or nnimal aalunJIy lirei. 

eub-nrderof InsectSgCharDclerued by the po 

slon of a joiated beak or rostrum, and by having the fore-wings hi 
in the bstal porllon end membranous at the eitrcmitj, where they i 
each other. This gronp include* the Torious species of Bugs. 

HcRMAPHjlODrrB. — Posaeiiing the organs of both seies. 

UoHOLOaT. — That rebition between parts which results from their ( 

lopment tVomcorretpandlag embryonic parte, uther io different animala,^ 
as in the cose of the arm of man, the torv-lcg of ■ qoidniped, and the 
wing of a bird; or in the same individual, as in the can of the fore and 
hind legs in quadrupeds, and the segments or rings and theli 






dngea of which Ihe body of a 



latter is called M 



il kotnnlo.jy. Thej 



a centipede, bc^ is 
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callad the homolo^'oe of the other. In dilTareat pUnti the part* of tha 

flovcr MiB homalsgaiu. Hut in genqfal thsM parU sre nEarded u 

homologoiu with Icivei. 
KOKOPTEBl.— An order or labKuder of IniHts hevin;: (Vx^ce tha Hemi- 

pters) ■ joiutsd bosk, hut in whicli the fon-K>ng> sre either wholly 

membrinous or wholly leathery. The Cicaiie, Frog-hopper«, iibJ 

Aphiiba, an (rell-knoinieiainples. 
llrnBiD. — The etfcpring of the uoioa of two distinct ipreies. 
HiUESOFntBi. — An order of loKoti poueuiog hitiug jiira and mnsll]' 

taai membnoous wiagt ia which thera ire n lew veioi. Bcei and 

Waipa are funillar eiamplu of thii group. 
HlrEHiaOFBiXD. — Eiceaiiveljr darelo]ied. 

ICBKEcrvoHiDX. — A faatilf of HrmcnapterDai initcti, til* membsn of 
which lay their egg> in lb* bodiet oc eggt of other ioiecti. 

Imoo.— The perfect (generally winged) reprodoctive itste of u Inuct. 

iNDiaeENg.— Th» aboriginal animal or Tcgetabli Inbabitant* of a country 
or region. 

Isri/>BESOKSCt — The mode of arrangement of the flowtti of plaate. 

IiiriTSOBil. — A ctaia of mlcroicopic Animalcnlei, to called from their 
haying originally b«en obwrved in infuiioni of Tegetable matleri. They 
eoLiiit of ■ geUiinoiu material enclowid in • delicate membrane, the 
whole or part of which it fumUhed with ihort vibrating hain (collnl 
cilia), by mcsu of which the animalcaln iwim through tbe water or 
conTef the mlfiute partlclea of their find to the orifice of the month. 

iHgecriTOElODa. — Feeding on luectKi , 

IsvESTERBATjt, or Intertedute ANnfALS. — Tboifl animals which Jo not 
poiaaia a backbone or epinal columo. 

LacnriK— 9pacai left nmon? tbe tinsei In some ot the lower anlmalt, 
and aerying in place of reueli for the ctmalatiao ef the Quids of the body. 

LuiELLarCD. — FBrabhed with lamella or little plato. 

l^nra (pi. Luita). — Tbe lint condition of an iniect at iti luolng from (he 
igg, when it it lunally in tha form of a gmh, caterpillar, er maggot, 

LaBTNi. — The upper port of (he windpipe opening into the guliet. 

Lib'BENTijiN. — A group of greatly altered and lery ancient rockg, which 
it greatly diMlopeii along Che conria of the SI. Laurence, whe: 
name. It U In thaie that the earliait known tracoi of organic 
bore been found. 

LamuitiOix. — An order of planti represented by the common Paea and 
Beau, having an irregnlar dower in which one petal etanda njt Ilka a 
wing, and the (timeni anil piitit are encloted in a iheath foraiad by twn 
other petali. Tha fmit ii ■ pod (or Ugnme). 

LkxjtktDx. — A gronp of four-handed animalh diitiact from the Honlieyt 
and approaehing the IniectiTOniui Qvadrapedi in loma of their eharac- 
ten uiit habiii. It> memben have the noitrili cnrred or twiatad, uul 
a claw initead of a nail npon tha Snt finger of (he hind handl. 

LKFitiorreiia. — An order of InMcta, dumiclerlud Ir the peaMiiioB of ■ 
aplral probouli, and of four lati-e more or laae acaly wing*. It iacladn 
tha well-known Botterlllci and Melhi. 
20 
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ijTTtauX. — luliabituig IbDHuborc. 

Loes. — A niirlT depoiiC at JKmt (Pa<t-Tcvt:nr}') dale, wliich «<cupiei ■ 
great purt oi' tho nllcj ef the Sblnc. 

MiLACOSTRAC*.— Tho higher divirion ef Ih* Cnut«<:n, iBclndiaj (ha 
ordiauy Cnbi, LobiUii, Shrimpi, iK^togethei with tli* WoodUca whI 
Saad-liappcrt. 

llAHMAUA. — The hi^hHt du9 of aBimnli, includiDg tha ordinuy lulrjr 
qtudrapedi, tbs Wbslsi, and Miin, aad characlerucd bj th« prwluctioa 
of liviDg youDg which ue Douriihal ifter liirth hy milk from Ibc 
' tnti {Mammx, Uamaara ffhnib) of the mother, A linking diffenoc* 
in embiyoaic derelapment bat ted to the divitioa of thli clu> into two 
great gtonps; in one sf these, whea the embryo hu attained ■ oertaia 
stage, B Tucular ooDDcctioa, colled thapiaeentOfii formed between the 
embryo and the mother; in the other thii ii wanting, and the yanai; 
are produced in a very incomplete itnte. The former. Including the 
greater part of the cliui, arc called Placental mammali ; the Utter, or 
jlplacenlal mammali, include the Uorinpiali and HonDlremei (Ophj- 
MorAyncAui). 

IIAHUIFEROUS. — HnTlng mamma! or teala (ice HAltUAUA). 

UASDiULEa, in Insecto. — The tirgt nr uppermoit pair of jawi, which are 
generally toiid, horny, biting organs. In Birds the term li applied to 
both jawi with their homy coveringo. In Qaadrapedt the mndible 
ii properly the lower jaw. 

UarsdfijUA— Ad order of Mamnrinlia in which the young are bom in a 
very incomplete itate of deTelopment, and cnrtied by the mother, while 
■ucklng, in a ventral peuch (muvupium}, >uch ai the Kangarom, 
OpDuums, Lc. (see Uauualia). 

MaliLLjC, in Iniecta. — The aecond or tower pair of jawt, which are com- 
powd of aevera! joint* and fumiahed with peculiar jointed appendugei 
called palpi, or feelera. 

UcLAHiail. — The oppoaite of alhinism ; an nndue decelopment of colouring 
material in the ikin and its appeodagei. 

KcTunHtPSIO BOCEB.— Sedimentarv rocki which hare undergone altera- 
tion, generally by the action of heat, lubte^uently to tbdr depoaitlou 
and Gonioljdation. 

UOLLDaoA. — One of tho great diviiiont of the Animal Kingdom, including 
Ihoia animili which bare a lofl body, uinolty fumiihnl with a ihell. 
and in which the nerroui ganglia, or centrea, preaent no definite general 
Brnngement. They are generally known under tha denomination of 
"ahelT-fiih;" the cnltte-fiih, and the eommon inaib, whetki, oyitera. 
rooMeli, and cocklei, maj lem oi eiamplei of them. 

Monocorn-EDOKa, or lIoNOCorrLEDOSOUB plast*— Planta in which tho 
teed lenda up only a ilngle oeed.leaf (or cot jledon) ; characterlied by 
the ahience of oonieeutlve laven of wood in the item (endogenaut 
growth), by the veini of the le'arei being generally ilnlght, and by the 
paru b( the flDwen being gtneially in multiplu of three. {Ezamplti, 
Qruio, Liliei, Orchidi, FaTmi, kc.) 
MoBAIHES. — The aceumnlillona of fragment! of rock brought down bj 

MOMUOtoor.— The Inw nf form or itructnrc independent of fuocliw. 
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t or outDjr Cnutaeu, 

divliioa into Hgmtati, 
fntn-mter 



(lAKENT. — Commciiciig diretopiDFnt. 
KatatObT.— Adaplfd for Iho purposB of swiniioiug. 
KiUPUUf-rORM.— TfieMrIiest«l»g« in the devclopmfn 

»p«iil]f belODEiDg to th* lontr groopc In Ibii i 

■ ibort body, «ilb indlitiDct iodicatioiu of a div 

and thrcg pnin of fringed limba. Thli farm of the < 

Cj/clopt vu ducrlbed u > dittiad geniii under the name of Siu^iat. 
Heumrian. — Th< imngeiiitiit of the Ttins or sn-vnre* in tlie niap of 

NeLt-Eks.— ImpCTfcrtlr deTeloped femiJei of cerlnio soda! iniecti (inch at 
AdU and OtaX which perform alt (bi liboun of the oonimimily. 
Heaos tbef are alio called KOrkeri. 

NiCTiTATiIiO MrkbSjUIE.— A ipml-tranipartDt iDeinbnuic, nhicli can Im 
driiTD acrou the eye In Blrda and BeptllM, «llh<r lo laoderata tba 
effecti of a ■trong light oi lo aviap prliclei uf d>ut,&c., from the aar- 
faoc of Um tjt. 

Ocelli. — The timple eyn or tlcainMta of InHiti, niiuilljr titnalad on Iha 

crowa of the head betwcea the great coiapoucd eyes. 
•EiOPUAODB.— The gollel. 
Oolitic. — A great teriei of Kcnnilnrr rocki, » called from the Llitun c( 

aome of it> nemben. nhidi appear to be modt ap of a maat of imall 

tgj-liia calcareona bodie*. 
OrEBCULUN. — A alfanoBs plate emplo^ol br mmj UDtlniea to etcM tha 

aperture of their ihell. Tba apircttlur iaivtt ef Cltripedn are Ihoie 

which cloM the aperture of the ^ell. 
OcDIT. — The bony cavity for the receplioB of tho eye. 
OsOAKiiiL-^An orginiisd being, nhelhcr plant or animn]. 
OBTROiPEiutoua— A term anpUed to tb»e ftulti of Ihe UmbcUifcrn 

which haie the iced ilraigbt. 
OscDLiKt. — Fonni or groups apparently intennediate lulwecn and con< 

necting other ^upi are aiid to be otculant. 
Ota.— Eu<. 
OvAiilvM or OvMtT (la pUaU). — Iha lower part of the plitil or timmt 

OTE*a of the flower, coBtaiainn the srolei ar incipient aeeda j by growth 

after lb* othar orgiu of the Uuwct bare fallen, it uiuolly bMamei 

cvnTerled into the fruiL 
OtIOeROO*.— Egg-bearing. 
UvDUn (of pluitij.-'The aeedi la the enrtieit cgodition. 
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pAiiAnoto — Th* eld ait tyttt 
riLPL— ^^nted appeodagei ' 



:alled Crem t 
ElippepuUiu 

[| of IsMilifirroua rocka. 



r I hick 
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pAPaWWACE*.— 
tbcM pluitt I 

lutlerfly. 
Paeasite.— An n: 



Glossary. 

1 ordpr of rianti (ssb Leguvtsos*:).— The flowcn o( 
! eii!I*d jmpilhnaMiiHt, or butlrrilf-Iikc, from tbf 
Due o( thn eipKDiIed aujwrlor peLnls to Uit Wlngi ofa 

■anl ot jiIiiDt liviDg ii]wn or in, imd at th« «ipciue of; 



rAaTHENOOE>flcfii&' — Tlifl prodactioa of Uring orgnnisini fnini muftipn^ I 

Doled eggi or Medi. 
rEPCNOlTurF.D.'^upparttd Dpon n ttun or italic The pednnealattd oak 

has it! sconu barns apon ■ Ibotatalk. 
PcLORiA oT PEL0RI9X, — The ippennince ot rigvlatity ef ilruclure In thi 

floven of plants ohkb nortDolI/ bear irrtgabir flowert. 
Po.viB. — The booy arch le wbivh tbe bisd limbs of Terlebiite nnlroali ai 

orlicnlated. 
PeTaI^ — The leare) rf tbe (wrolln, or seonnd circle of orgnu la n floire 

Thry ore luuall}' of delicalo leilure imd brjghtlj coloured. 
FJiruADISEOCB. — Jliviog 6atteDDd, leaMike Iwigt or kalstalkt lutenl of 

Uu leans. 
PiOMEST.— The culourios mntcrml produced geoersJIj In the enperfici: 

parte ef aaimah. Tike culls secreting it are called pijment-cctU. 
FraMAI& — BaoriDg leslleti oa each aide ofa eeotnl atnlk. 
PlBTiia.^The female or^ni of a Soser, vhlch ocevpf 1 poeKiea fa 11 

centre of the other flonJ orgnni. I'he piitil it gOBenilly diTulUa ials 
, tbe ovary or germoii, the style ai>d (he tlignu. 
PLACBirULu, Ptaa£.-<TATA, M PlaceDlal Uaumali. — See JUmiAU*. 
PLAHnaRADca. — Quadrupeds which walli tijwn the whole <ole of tht foot, 

like the Bean. 
Phisna. — Readily eapable of chsnge. 

I'lEBTOCeSE PebiOD. — The latest porlioa of the Terilnry epoch. 
pLtTUULE (in piaotsy— The mloate bud between Ibc seed-Iearei of Dewly 

genninated pUnls. 
rLCHiiria Rooila. — Roelia sopposed to have been prodocsd by Ifneoni (dloa 

in the depths of the earth. 
PoLtEH. — The male element in flowering plante; muilly ■ fine dust pro- 
duced by the anthen. which, by contact with the ttigma eflecte Ih* 

fecundation of the leeds. This impregnation ie brought about bynieani 

of tubes (jiolkn-luliea) which issue from the pollen-grains adheriu;; to 

the slignu, and peMlrati throngli tbe tissues until they reach the 

ovary. 
POLT^fDUOfS (flowers).— Flowers baring mnny alnmens. 
POLrsAVOCS PuKTS. — Plants in which some Rnwen are nnlwiDnl ond 

others he mis ph rod I to. The Dnieesoal (mi 

on the tame or «u dilTcrent plants. 
PotTHOEPBiD.— Present ing many forms. 

— Tha rommod slracturo fnrme 
he well -k Down Seft-mata. 
la of gruping. 
PaETOTENT.— Having a lupenorily of power, 



B naJ female) flowers, may b* i 

by the cells of the Polysea, ^H 
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PBl]lAUEi.^Tba fcathcra ranning ths tip of th« wbg of a bird, isd lii> 
Kited upon thai part which rfprutnli th« honj of miin. 

FnoCIWEH. — Projecting porttoni of boaei, luiuillj- for tha attichTnint of 
maulii, ligamenli, ke. 

Pbotolih, — A reiiaoas innteriil cojlcrtcil lij- thr Hirt-B«> ftom th» 
openiag buds of nrioni trees. 

Pbotein,— Eiceedingly rariaUe, 

PBOTOlOi. — Th« lowMt gTMt diviiion of tlie Animul Kingdooi. ThtM 
aQimnli m compoied of a gelatiaauj material, and ibow uarcvly aaj 
trnc4 of difliDct orgaiu. Tha LiriuDTii. Fontmiuirera, and Spoagu, 
Vlth loina other fonn*, bcloDg to ihii diriiloD. 

PUTi (pi. PCFX).— Tha HCODd lUga in the dcTilopnieDl ofitn lueet, from 
whivh it emcr^t in the perfect (winged) repreducIlTe form. In mint 
iuecta tha papal ttast u paued in perfect repou. The chnjulit ji iha 
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RiDTCu:. — The tninoti root of an embrro plant. 

Ruma.— Ona half af the lower jaw in the Usmmalla. The poi lion uhiib 

rim to artlcnlite with the ikall ii called the aaixndiiui ronitu. 
BAHaE.— The exUat of coimtrjr over nhlch a pleat or ininial ii datnrallf 

■pread. Rtmgt in time tipreucs tha dlstribation of a ipeciei nr granp 

through the fouillferona bedi of the earth'a cnut. 
RcnSA. — The deUcala ianer coat ef the" ej-e, fbnned hf nerroui liliunanta 

apteadiag rroin the optic nerve, and eeivlng for Ihe perceptioa of the 

Impiwalou predated by light. 
KmooBESsiOH. — Backward deTelopmeat. When an ■Dimal, ag tt an- 

preachea maturity, becomea leia perfectly organlEed thnn might M 

eipected from Ita earTy itagea and known relatioaihips. It it aaid t« 

nndtrg* ■ rttrograiit dettlv/wml or mttamerpieiii. 
Kuir^FODi, — X claat of lowly organbed aniiiuU (Protozoa), having ■ g«Ia- 

tinoDs body, the anrfao of which can ba prutrnded in the fonn gf rool- 

llk« proccMca or lilamenta, which aerre for lonmotioa and the prehen- 

•lon of food. Tha moit important order [a that of the Foraminifan. 
P-ODRVTS. —The gnawing Mammalia, inch aa tha Rata, Rabblli. and 

Sqalmla. They irt eapedally Gharaeletlied hj the poanailea of a 

liogle pair of chiael-like catting teeth In each jaw, between which and 

the grinding taelb ther* ii a great gap. 
RUBDS. — The firambla Genua. 
fiCDUIBHTABr. — Very imperfectly derelnped. 
lEtnmiairn, — The greop of Qnadrnpedi which mmtnela or ehew lh« 

cud, anch a> oreo. iheep, and deer. They ha»B dirWed hooft, and are 

daelttBte of front tealh in the appar jaw, 

SaOUI-— Belonging 

or more onited ti 

animal) are attaci 
Siuoonc — The gelilinonji mnteti.il 

aslmala (Protoioa) are compoied- 
9Cimu.A.--The horsy plalea w!lb whii'h tha leat of Un[> ore ttmtllf 

■wr* or l«i> c«Ter*d, aapcclilly in froiiU 
ScDtHurraRT FduuTio.ti.— flocki dcpoiited aa •adimenli from waiar. 



which the aldea ol 

if which tha bodies of tha loweal 
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Hngi of which Ihe bod; of w 



ordinarj flov 
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SEBBitOttts.— Teeth li1i« those of i miic. 

SeIKILE.— Kcl lupported on ■ item or fooUtnlk. 

Su-CBiAif SyRKV. — A veiy ancient iyilem of foaililctous roJii belDa^ia; 

to Ihe culi«t p»rt of tho Palfeozoic ieri«. 
SfbcULiSATiOK. — The KttiDg nput of ■ portiinlir orgna fur the perfonn- 

■nce of ■ particulu roDClion. 
Spikal CuOED.^The central portion of th» nervon* lyitem is the Verte- 

bmta, which deiccDdi from tb« hnin through the archet of lh« Ter- 

tebric, utd girea off oeaclj ill the aeirei to the lariaiu orjant of the 

boJf. 

SrauENS.— The male orBani otfloweriLg plant*, ttanding !n a cirtle wilhia 
the peUlg. Thej uiaalt/ eonibt of ■ tilament and id anther, the 
anther being the ewcDtiil prt In which the poIJeD, or fi^undntiDe 
dnatr b farmed, 

Stkiuium. — The breast-brae. 

StioHA. — The apical portion of (he pblil In flowering (ilaDla. 

SnPUUX. — Small leafj orgiiu placed it the buo of Ih* fbolatalkt o( Ih* 
learei in manj plants. 

SrvLE. — The middle portionof the pfrffct piilll, which rise* llks a eoluiOB 
frnm the ovarf and lupiiorti the atigmi at ili tumaiit. 

SUDCUTXHEOUS.— Situated beneath tho akin. 

8i;crOHUt. — Adapted for suoliinj. 

SUTnriES (in the tkull}.— The linn of iunctiun of Ihe hocei of which the 
■kuU ii composed. 

Ttnsus (pi. Tarsi). — The Jointed feet of articulate nnimali, such as Inseclt. 
TELE(»Tt:AN FisuES. — FiiliEa of ihe kind familiar to ni in the present dif , 

bariDg the ikolelon uinallf completelj- oiaieed and the scales horny. 
TeiiTACiii.a or Tentacles. — Dclicats fleshj orgini of prehension or touiJi 

poaieiud bj Duoy of the lower animali. 
Tedtiart. — The litest geological epoch, immedtalely preceding the esla- 

blisbment of the present older of tfaiogi. 
Tracsga. — The wind-pipe or t^tusage for the odmlsiion of air to the InBgi. 
TaiDAOTTLE. — Three-fingered, or composed of three morable part* attached 

TbilOhites. — A peculiar ^onp of extinct Crustacean.'., somewhat resemhlmg 
the Woodlice in eitcinni form, sod, like some of them, capable of tvIIIde 
thomaeliH up into ■ balL Their remains are found only in the Palso- 
loic rocks, and most abundantly in those of Silurian age. 

TnmoKPiuc. — Presenting Ihrou distinct fotnu. 

I in which the flowers, which coaUin 

o at jlei, are snpportwl upon footstalks 

il«m and spread out like ihi 
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UmiELUrERf. — An order of plan 
fire stamens and a pistil with t 
which spring from the top oft 



irclla, BO as to bring all tl 

) Ihe innc level. (fram/JM, Parsley and Carrol.) 



Glossary. >|4i 

UviKTLATA^ — ^Hoofed quadinpedfl. 
(JxiCELLXTLAB. — Consijiting of a single ctlL 

Vabcdlar. — Containing blood-restels. 

Vermiform. — Like a worm. 

Vertebrata: or Vertebrate Axtmals.— ^The highest dirision of tht 
animal kingdom, so called from the presence in most cases of a bock* 
bone composed of nnmeroos joints or vertebrsBj which constitntes the 
centre of the skeleton and at the same time supports and protects 
the central parts of the nerroqi sjrstom. 

WuORU. — The circles or spiral lines in which the parts of plants art 
arranged upon the axis of growth. 

WoniTKHH.— See Nenters. 

ZoiA-OTAas.— The earliest stage in the derelopment of many of the higher 
Crustacea, so called from the name of ^>ia applied to these jonng 
animals when thej were supposed to constitute a peculiar genus. 

Z001D6. — In many of the lower animab (such as the Corals, Uedusa, &G.) 
reproduction takes place in two ways, namely, by means of eggs and 
by a process of budiUng with or without separation from the parent of 
the product of the latter, which is often rtrj different from that of the 
egg. The indiriduality of the species is represented by the whole of 
the form produced between two sexual reproductions; and these forms, 
which are apparently indiridual animals, hare leen called ;rooMft. 
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liUea of sillnct ipccia, 301. 

- t( mgaaie beingi, 9T8. 

hIi, on Amblj-opiii, 113. 

-, on gnrapi of ipedei luddealy 



, OB th« Ultst lartiarr forms, 278. 

— ,oB panlltliam of embrjalogicul 

dardopment uut geological aac- 

cwlon, S93. 

, Alu., on pidicallnriK, 191. 

Mgm of Stw Ztoluid, 338. 
Amenlon, lulo, (igbtlng. 69. 



Alun 



1,387. 



IhoM of EnioTM, 333. 



M of EnioTM, 333. 

, bonlden and glacier* tiC, 



AaaToer of nHatiou, 137. 

Aoeflua, 345. 

ADdoinan Iiluida inlwblttd b; a dud, 

350. 
Anindt, doI domeaticilBl ttom Ixiog 

nrlafalt, 19. 
, domiitic. dtMeubd fram wra- 

ralftaclu,l«. 

,— ^ lOclimallsallan of, 111. 

'— of Aiutntia, 00. 

with thicker for is coM cllmilt*, 



Aatinala, blisd, Id eam, 1 IIX, 

, iitinct, of Aiutralia, 319. 

Anomio^ 332. 

ADtarctio Itkndi, aocIcDl flora of, 

S5S. 
Anlodtbiiu, 373. 
AnU atUDdlDg apbUu, 307. 

, alaTe-maklng imtinct, 817, 

, naaten, ilructun of. 330. 

Apn, not having aoqniroj IntaUactual 

fowtn, 181. • 

Apbidu, attcndad bj antt, 307. 
Apliii, d«TolapineDt of, 390. 
Aptorri, 140. 
Arab fionu, 23. 
AralfriCaiplaa Sea, .311. 
ArcbtopUr?!, 284. 
Archlac. M. de, on ths >u«H>ioD of 

ipeci», S9S. 
Arlicholi*, Jenuilan. 1 14. 
Aieewlon, plaata of, 347. 
Aadepiaa, pollen of, I&t. 
Atpangoa, 92S. 
Aapicarpt, S07. 
Aiaei, itripcd, 127. 

, improTed bj lalecllua, 30. 

Atenchoa, 109. 

Aucapltalnt, on Und-ebill*, SS3. 

Audubon, on habita of ft'igats-bird, 
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lirdi' nnU, 



143. 

208. 

, on heron eallne mdl, 346. 

Aoitralia, aoltnali o^ 90, 

, eiUnet anlmila of, 310. 

, Enrepera dIbdU in, 337. 

. glacian o^ SS' 



IloblDctoD, Mr., DD British pUala,ST. 
Ikur, Voa,iludanl of Itlghawa, BT. 
. comparixHi of be* and Hah 



Dmt, Vm, rmhrjotie liailUTltj o 

Uw Vcrubnta. 387. 
~' r,SiT&.ODlb«gHnirt. 17S. 
It of gnwtb, 117. 




itato, Kr., M 1 

37b,Sl«. 
BMnchim as iilud*, 35a 
Balflf kov s^pctim mcqnitvl, 140. 

, dutribotioB of, 33L 

Bear, cmtchiog wntfr.uuectii, 141. 
Bcaaif, bow tafoirti, 159, 414. 
Dec, KiBf t(, 163. 
, qomn, ki 



59. 



75. 



-, LigoriiB, 7S. 

-, hJTt, ccll-makliig iutjact, 230. 

-, Tuiitioti in habits, 20». 

witic, SIS. 
, huBbl*, nU* d^ 310. 
BwtUi^ iriJB^«, i> Hiddn, 109. 

witfa dafidnl tuii, 109. 

Brathaa, Ht., an Brltidi pluU, ST. 
■ ■'■ ■• 36B. 






ktltj, Ur., < 



in ulC nslcr. 



BcunoiU, birii ai; 348. 
Biidi sniiiiiiDg fi*r, 303. 

, buutr of, 16L 

auDiUjcniN tlic Atlantic, 329. 

, cqIoiu atj oa eoutiticiiu, 107. 

, (bottt^a, aad remajni ot^ in 

KconduT Tocki, 384. 

, fonif, !b are* ef Bruil, 310. 

, of Uidcin, Btnmiilfl, and G«- 

tapago), 348, 349. 

, tong of malea, 70. 

trMupsrting Ktdt, 328. 

, wadara, 845. 

■ , wlBgltw, 108, ItO. 



Bixetehft,31S. 

, affiutio nf, 3T9. 

Bladder (br airiniguog, ta fitli, 14T. 
BlindBOa of can aaimah, 11& 
BljtJ^ Mr., M fliilinrln^ W f—Cri 

catlle, 14. 

, to ilrlpcd hemkBii^ 1S8> 

, on craat cJ gtit, MCi 

Bomnr, Hi., on th* Spuikb paulCT, 

36. 
BarjSt.Viactat,M 



BMildci^ (mtie, ea ti» Ixarm, 338. 
Brmwbi*, 148, 149. 

ofcrntlaaui, 152. 

BnoD, Prof., DB ttie acerb ef Funa- 

Brect, Mr., on hdue-lunbkn, 310, 

BriUJa, iiimnMla oC 35X 

Broea. PnC, m Natiml SgltcUia, 

170. 
BrcDti, ProT, on dnnlion of iftcifia 

fbnni, 375. 

, Tuloiis objeetiona bf , 170. 

BTuaro, Robert, ob daintiatin, 366. 
, Seqaard, on inhstittd noUU- 

Uafia,108. 
Biuk, Ui., on th« PoItzm, 193. 
Butterflio, mimetic, .'^75, 376. 
BDianisgaea, oa iteriUt; of TUiatli^ 



Cabbage, Tarialie* of, craaaad, 78. 

CaleeoUrU, 339. 

Caoary-birdi, tltiilUj «f bjbrtdi^ 

340. 
Cape deVenle iiUndi, t<rodiictioiuof, 

354, 

, plint* at Ao oianntaini, 337. 

Cape of Good Hope, planta of, 101, 

347. 
CarpcDtcr, Dr., on fonninifara, 308. 
Cartbimns, 173. 
CaUactam. 155, 373. 
Cata, with bio* tjea, deal; 9. 

. , TwiaUon ia bablU ot. 809, 

curling tail «h<n golog lo 

■pring, 163. 
Cattle deitnijlng Br-lree^ 56. 
dectrofed br Slei in Pangoar, 
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Cuttle, breeJi of, locnllf eitlnet, 8 . 

, fartililj af iDdiui ud £urap«n. 

bre<d*,341. 

, iDdiin. 14, £«1. 

Cits, iufaabitiiDU of, blind, 110. 
OtcidMiijiii, 387. 

Crlti, proTin; ■ntiqnftTormaii, 13. 
Ccatm of erMliDD, 32i). 
CtalulopadB, (tractarc otejrt, 1^1. 

, deTelopmcat of, 3flO. 

Ccmpltbtciu, Uil of, 189. 
(>ro>rlu« lucentiu, 183. 
CerTDliu, 340, 
CituM, tMth ud hiir, 1 15. 

-, deTelopmnol of the whnlrboDp, 



isa. 



Chaneten, divergeDU of, B8. 

, wihI, TiirUbls. 119, 12.t. 

, ndiptiT* or uulogicsl, 'JITX 

Charlock, 69. 

Checki to lacreu*. 53. 

, rantiul, 65. 

Chela of Criuticeana, 193. 
Uhickem, iuithictiis Umencu of, 3 1 1. 
ChlrDoemoi, il« OMinil rcproduolroD, 



a87. 



Chtha 



!,271. 



himiJiu, crstMcui ipeciextf, 3S4. 
■tt fiTounble to Hleclioa 
ic product*, 39. 



Id Ditunl ulecll 
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cattle, 2a. 

Herbert, Mr., on the lint i1 
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Swini, DSU of. 328. 
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, pnhaiulle, 188. 

, rudlDMDUry, 400, 

rusli, dimoiphui, 34. 

rani, (kficlcnt, lOg. 
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U23,S36. 
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^H , when cnoHd, lUrila, 353. 


, on Alpin« plants, 3S1. ^^H 
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Wraian, Pro£, on oomlaftioa of 

lonr and effiMts of poison, 8. 
f on the cells of tht bee^ 222. 



r. 



Yonatt, llr., on selection, 28. 
onsub-bveedsofsheep, 28. 
on mdimentazj horns in Tonnc 
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